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PREFACE 


This laboratory manual is intended for class XI students. This 
book is the result of many years of experience the authors acquired 
in teaching chemistry. 


Each laboratory work is preceded by a brief theoretical 
introduction for independent study before the student proceeds to 
perform practical work in the laboratory. At the end of each unit, 
oral questions with their answers, have been included. It is an integral 
part of the laboratory work. Numerous diagrams have been given. 
These diagrams present most of the laboratory exercises in visual 
terms. Effort has been made to keep pace with the advances in 
laboratory work. 


Care has been taken over the planning of each experiment so as 
to present the procedure, conclusion, etc. vividly. The subject 
matter and the experiments have been planned with a view to help 
the students of all levels. 


It is our hope that it will meet the requirements of the students. 

We look forward to valuable suggestions from all our readers for 

further improvement of the book, as we earnestly believe in the 
following words from the Rigveda, 

“Let noble thoughts come to us from every side". 

We are very much grateful to our colleagues Dr. Mohan Katyal 

(St-Stephen's College, Delhi) Dr. K.L. Kapoor (Hindu College 

§Delhi), Dr. У.В. Aggarwal (Hans Raj College, Delhi), Sh. I.S. Arora 

(Modern School, New Delhi) for fruitful discussions and suggestions. 


D. P. GOEL 
V. C. GARG 


SYLLABUS 


CLASS XI (PRACTICALS) 


One Practical Paper 3 hours 30 Marks 

(i) Core Experiments Distribution of Marks 
(a) Content Based Experiments 4 
i (5) Volumetric Analysis 6 
\* (c) Mixture Analysis 10 
\ (ii) Investigatory Project 5 
| (iii) Class Record and Viva 5 


1. Basic Laboratory Techniques : 

(i) (а) Cutting a glass tube or glass rod 
(5) Bending a glass tube 
(c) Drawing out a glass jet 
(d) Boring a cork 

(ii) Acquaintance with chemical balance and weight box 
(setting balance and weighing) 

(iii) (а) Preparation of an acid solution of desired normality/ 

molarity from a concentrated one. 


(b) Preparation of solutions to be used as laboratory 
reagents. 


(c) Preparation of standard solution of oxalic acid 


Preparation of crystals from an impure sample of any one 
from the following : 


Alum, copper sulphate, ferrous sulphate obtained from Kipp’s 
waste. , 

3. Determination of solubility of a solid substance in water at 
different temperatures and plotting of a solubility curve. 


(a) Determination of pH of some solutions (obtained from 
fruit juices and acids and bases of different dilutions). 


(5) Study of pH change by common-ion effect in case of weak 
acids and weak bases. 


5. (a) Setting up of galvanic cells (such as Daniel Cell) and 
measure their e.m.f. (using a voltmeter of high internal 
resistance). 


6. Study of the shift in equilibrium between ferric ions and 


" thiocyanate ions by increasing/decreasing the concentration of 
either ions. Y 


ES 
= 


or 


10. 


11. 


12. 


13. 


14, 


(vi) 


Study of the shift in equilibrium between (Со (Н208)]2+ and 
CI- by changing the concentration of either ions. 


Study of reaction rates of any one of the followings : 


(i) Reactions of iodide ions with hydrogen peroxide at room 
temperature using different concentrations of iodide ions. 


(ii) Reaction between pottasium iodate KIOs and sodium. 
sulphite, Na»SOs using starch solution as indicator (The 


reaction will be conducted at different concentrations 
and temperatues). 


Determination of (a) heat of solution of calcium chloride, and 
(b) heat of neutralization of the reaction between strong acid 
(НСІ) and strong base (NaOH). 


(i) Determination of the strength of a given sodium hydroxide 
solution by titrating it against a standard solution of oxalic 
acid. 

(ii) Determination of the strength of a given solution of dilute 
hydrochloric acid by titrating it against a standard solution 
of sodium carbonate. 

Study of intraction of metals (any four) with salt Solutions 

and arranging them according to their activity (to form activity 

Series). Metals and metal salts may be selected from the 

followings : 


Mg, Zn, Fe, Sn, Pb, Cu, Al and their salts 
(Checking the order of metal in series based on the electrode 
potential will be desirable). 


Determination of one cation an 
(insoluble salts to be excluded). 


Cation : Pb?*, Hg?*, Cut, Cd?*t, As3+, Fest, AI8+, Ni2+ 
Zn?t, Co2*, Са2+, Sr?*, Mg?*, Ba2t, NHa*,Mn*t o 
Anions : СО“, S?-, 50:27, 5048", NO7, NO3-, cr, Br, 
Г. РО43-, CH3COO- 
(i) Determination of melting point of a solid substance 
(perferably an organic substance of low melting point), 


(ii) Determination of boiling point of an organic liquid from 
the followings : 


benzene, 
alcohol. 


d one anion from the following 


acetone, acetic acid, carbon tetrachloride and ethyl 


Detection of nitrogen, sulphur and halogens in an organic 
compound (detection of two elements may be asked, combina- 
tion of halogens may be avoided). 7 
Preparation of acetylene and study of its acidic character, 
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UNIT 1 


Basic Laboratory Techniques 


1.1. Introduction 


Chemistry laboratory is an integral part of a course of 
chemistry. It is necessary for the students to get familiarized with 
the equipments and permanent fixtures in the laboratory. 


Work in a chemical laboratory is effective only when it is 
performed conscientiously, with an understanding of its theory and 
basic techniques. Moreover, every chemical operation requires that 
the experimenter be careful and attentive. Carelessness in handling 
the apparatus and lack of planning and organization of chemical 
work may result in serious consequences and incorrect results. This 
is why students are allowed to work in a laboratory only after 
preliminary briefing. 


1.2. Common Laboratory Glass-ware 


Experiments are performed in special laboratory ware made 
from thin or thick glass. The glassware shown in Fig. 1.1 is used 
the most in chemical laboratories. Ware in which reactions are 
performed with heating is made from heat resistant glass. 


Beaker. It is a flat-bottom cylindrical vessel with a pouring 
tip. It is available in various sizes. It is primarily used for storing 
the solutions. It can be used for carrying out reactions. 


Desiccator. It is a specially designed ware made of ordinary 
glass. It is used for cooling the crucible in dry air to avoid absorp- 
tion of moistures. Some drying chemicals, such as anhydrous 
calcium chloride or silica gel is placed in the bottom of the desiccator. 


Flask. It is a bottle shaped apparatus with a round bottom 
body and a narrow neck. It is available in various shapes and sizes. 


(a) Round bottom flask. It is primarily used for carrying out 
reactions at very high temperature, e.g., preparation of certain gases, 
etc. 

(b) Flat-bottom flask. Tt is normally used for carrying out 
reactions at room temperature, e.g., preparation of certain gasss, It 
ås also used for storing solutions etc. 
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WEIGHING BOTTLES 


Fig. 1.1. Glass-wares 
(с) Conical flask. It is mostly used for performing volumetric 


titrations. However, it is at times also used for carrying out some | 
other reactions as well. 


Funnel. It is a cone shaped ware with a narrow hollow 
stem at the lower end. It is available in various sizes. It is used 
for filtration purposes. 


Glass Tube. It is a hollow tube which is used for transporting 
liquids or gases. It can be made of desired shape by heating. 


j Glass Rod. It is a solid cylindrical rod. It is used for stirring 
solution. It can be shaped by heating. 


Gas Jar. It isa cylindrical ware which is used for collecting 
gases and doing chromatographic analysis. 


Condenser. It is a double walled glass tube with opening at 
both the ends. It is provided with inlet and outlet. It is used for 
separating two liquids. It is available in different shapes. 


Thistle Funnel. It is a funnel of special design with a long 


hollow stem. It is used for pouring a liquid reactant into a sealed 
reaction vessel. 


Separating Funnel. 
at one end and a stopcock at 
designs. It is used for se 


It is a funnel with a leak-proof stopper 
the other end. It is available in different 


$ parating the two liquids and for dropping 
the solutions. А 


Trough. It is a flat-bottom circular vessel made of glass or 
china. It is mostly used as a reservoir. 


Woulf’s Bottle. It is a flat bottom bottle with two mouths. 
It is used for preparing gases, such as НСІ, СО, etc. atroom 
temperature. 

Test Tube. 
It is used for carryi 


Watch Glass. It is a concave shape plate. It is used as lid 
and for weighing chemicals, etc. 


. Weighing Bottle. It is a small glass bottle with flat-ends, 
straight wall and a ground 


а N glass stopper. Chemical substances are 
weighed in it. 
1.3. Common Measuring Vessels 

The following measurin 


ing vessels (Fig. 1.2) are generally used in 
eal work : flasks, Pipettes, burettes and measuring glasses/ 
inders. 


‹ W, а small change in the volume of liquid 
appreciably changes the position ОР its meniscus. It is provided with 
a leak-proof glass stopper. 


It is a hollow cylinder with a round closed end. 
ing out chemical tests and for some other purposes. 


uw 


qr 


3RADUATED 
CYLINDER 
MEASURING @ QD ` PIPETTE 
FLASK BURETTES 

Fig.1.2. Glass ware—Measuring vessels. 


100, 250, 500, 1000 and 2000 ml. It is generally used for preparing 
solutions with exact concentration for volumetric titrations and other 
gravimetric exercises. 


Burette. It is intended for pouring out strictly definite 
volumes of a liquid. 1015 long graduated cylindrical glass tube with 
a uniform cross-section. The most popular is 50 ml burette 
graduated by tenths of a millilitre. The bottom part of a ware 15 
provided with a glass stop cork. 


Graduated Cylinder. It is used for the rough measurement 
of liquids and has various capacities, namely 5, 10, 50, 200 ml. ete. 


: i i top and bottom ends. 
Pipette. It is a glass tube with narrow top аг eee tle level 


P | 
The upper portion of the pipette has a mark which in 
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to which it must be filled. It is used for measuring out a fixed 
volume of a liquid or solution. Itis available in different sizes. 
Graduated pipette is also available. 


1.4. Porcelein Ware 


It addition to glassware, porcelein ware (Fig. 1.3) is also used 
in the laboratory. 


c8 ~ 


BOWL OR DISH CRUCIBLE MORTAR PESTLE 
Fig. 1.3. Porcelain Wares 


Bowl or Dish. It is a round shaped shallow vessel. It is 
used for heating the liquids and solids. 


Crucible. It is a small, flat bottom, cylindrical vessel. It is 
used for quantitative estimations. 


Mortar Pestle. Itis a flat bottom bowl with a cylindrical 


rod. It is used for grinding and mixing two or more solids, 
15. Heating Equipment 


A variety of heating equipment (Fig. 1.4 (a)) is used in a 
ers, hot plates, baths, furnaces, etc. 


laboratory, namely, gas burn 


MESEN 


NSEN BURNER 


SAND BATH 
Fig. 1.4. (а) Heating equipments. 


TRIPOD STAND WIRE GUAZE TRIANGLE 
Fig. 1.4. (6) Heating aids 

Burner. The most convenient is the Bunsen burner. Air 
enters the burner through orifice in the lower part of the upper 
tube. The opening of this orifice can be controlled by rotating sleeve 
provided with a matching orifice. 

Baths. A variety of baths are used for heating within a tempe- 
rature interval from 100—300°C : 


Water Bath. It is а metal vessel covered on top with a number 
of concentric flat rings fitting into one another. It can be filled either 
with water or oil upto two-thirds of its volume. The vessel with a 
solution to be heated is placed on the bath after removing enough 
tings for the vessel to be stable. 


Sand Bath. It is а iron pan a tray with clean sand. Itis used 
for carefree heating to high temperatures, 
Heating Aids 

A variety of heating aid (Fig. 1.4(b)) is used in laboratory, viz., 
tripod stand, wire gauze, triangle, etc. 


Tripod Stand. It is made of iron. It is used as a support 
for the apparatus. 


Wire Guaze. Itis a guaze-like fabric of fine wire covered 
with a thin film of asbestos. It is kept between the flame and the 
glass-ware for providing uniform heating. 


Triangle. It is used as a support for heating crucibles etc. It 
is kept on the tripod stand. 
1.6. Other Laboratory Aids 


In addition to the equipments listed above, some other aids 
(Fig. 1.5) used in the laboratory are listed below : 


ight box, 

Iron stand, test tube stand, test tube brush, weigh » 

triangular file, cork, wash bottle, reagent. bottle, chemicals, Vues 
meter, filter paper, spatula, tongs, blow pipe, test tube clamp, etc. 
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1.7. Cleaning of Apparatus 


Cleanliness is very important. 
wards laboratory and fills them with zeal for working. Any trace of 
an impurity can affect the course of a chemical reaction. The 
apparatus should be thoroughly washed before starting as well as 
after finishing the experiment. 


„The glass apparatus is generally cleaned by scrubbing with 
washing soda (NasCOs) or washing powder, such as Vim or Det. 
A suitable brush may be used for Temoving the dirt. Itis then 
washed with tap water, Finally, it is rinsed with distilled water. 

If the app 


aratus is very greasy or dirty, it should be treated with 


mmercially grade potas- 
te to 100 ml of concentrated sulphuric acid with 


This attracts the students to- 


chromic acid (prepared by adding 5 g of со 
sium dichroma 


REAGENT BOTTLES 


“= 


uf 


qu V 
7 


SPATULA 
| BLOWPIPE 
ТІР 
THERMOMETER BLOW PIPE 
222 — AS 
E L 
TONGS d 
=== TEST TUBE CLAMP |, 


Fig. 1.5. Laboratory aids 
stirring and then cooling it). This ensures good wettability of the 
glass. 
After the use, the chromic acid should be poured back into its 
bottle. The acid is washed away with water. 


The washed apparatus should be kept in an inverted position to 
drain off the water. Тһе inside of the laboratory ware should not be 
wiped with a towel. When required, the glass ware should be dried in. 


10 


а drying cabinet (except for measuring vessels, which are never dried 
by heating). 


18. Chemicals and their Use 


A substance used in chemistry should be pure. Most substances 
used in chemistry are kept in glass or plastic bottles. Each has a 


label. It gives the chemical name of the substance and tells as how 
much pure it is. 


The dry chemicals should be taken with a clean spatula ora 
special spoon. A dropper should be used for pouring liquids from 
bottles (Fig. 1.6(a)). When pouring liquids from bottles (Fig. 1.6(5)) 
hold the latter with the labels upward (to prevent soiling them). 


Fig. 1.6. - How to pour reagents. 
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1.9. Safety 

Chemistry is like the dog. There is a chance that it may be 
dangerous. Always follow the simple rules given below : 

Listen carefully to instructions. 

Keep working areas clear of books etc. 

Work with care and watch results. 


Work far from a flame. Remember that clothes and hair will: 
burn. 


Point test tubes away from yourself and others. 

Wear eyeshields if there is any risk to eyes. 

Report any accident, however, small at once. 

Don’t taste anything. Find other ways to recognize substances. 
Don't smell a gas except with great care. 

Beware of water when working with metallic sodium. 


Never bend over a li 
to avoid splashes getting о 


Perform all work with substances that are poisonous or have an 
unpleasant odour, and also the evaporation of acids and acidic- 
solutions only in a fume-cupboard. 

Work far from a.flame with flammable substances, 

Never throw chemicals into the containers for waste. 


Close the gas taps and water taps when not in use. 


quid being heated or substance being fused 
nto your face. 


EXPLOSIVE TOXIC (POISON) 


m~~ 
А | | 
OXIDIZING AGENT FLAMMABLE 
(OXIDANT) (WILL BURN) 


HARMFUL OR 
IRRITATING 


Fig.1.7. Labels on bottles indicating what the danger is, 
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The drawings (Fig. 1.7) shown are labels. They are used f 
-dangerous substances. Each picture ex; lains- h: e 
"They appear on bottles and containers. P а 


1.10, First Aid 


1.. If а concentrated acid (sulphuric, nitric, et i 
solution gets on your skin (hands, etc.) immediately BIETE pen 
spot under running water for sufficient time. Now apply a cotton 
wool bandage soaked in an alcohol solution of tannin or a 397 
potassium permanganate solution. tS 


2. If splashes of an acid, ammonia, alkali, etc i 

2 ] , am еіс. get into your 
eyes, immediately wash them with plenty of wat 

physician without delay. те ва ан ша 


3. ТЕ you have burnt your skin with a hot object, first 
bandage soaked in an alcohol solution of tannin or i 3% E 
permanganate solution and then a bandage of ointment for burns. 

4. If you have cuts with glass etc., first check for an 
piece and then apply a cotton wool bandage. If cuts eie 
immediately see a physician. 5 


5. If someone is poisoned by chlorine, hydrogen sulphid 
carbon monoxide take him or her out into the open ER an imme? 
diately call a physician. 


6. If someone is poisoned by chemicals, take him or her 
immediately to a physician. 


1.11. Procedure of Work in a Laboratory 


1. A student must read the description of the experiments he 
is to perform in the lab from standard texts, acquaint himself with 
the properties of the substances being studied, with the theory 
relating to the experiment and also note the special attention that 
the experiment demands. 

2. Every student must keep his table clean and in good order. 
Only the objects needed for work must be on the table. 

3. Never leave reagents taken from the shelves at your place 
of work. 

4. Take dry reagents with a clean spatula, 

5. Make use of the dropper for pouring solutions from 
bottles. 

6. Never pour unconsumed reagents back into their storage 
bottles. 

7. Replace caps and stoppers of reagent bottles after use, 


8, Use only distilled water when preparing aqueous solutions, 
washing precipitates rinsing glass-ware and so on. 
9. Always wear lab-coats when working. 


14 


40. Always follow the instructions given by the teachers. 
1.12. Laboratory Notebook 


A student working in a laboratory has to maintain a complete- 


erimental work done by him. The following points 
eras mind for an ideal record of the practical note- 
book : 


(i) All the pages of the record book should be numbered. 
Never remove any page from it. 


(ii) Write the date and the title of the experiment at the top 
of the right hand page. i Ў 

(iii) Enter your observations directly in the fair notebook. 
Never trust your memory in this respect, it often deceives you, It 
should never be written on the scraps of paper or filter paper. 


(iv) Get your readings checked b 


y the teacher before leaving: 
the' aboratory. 


(») Do not post 
book till the next day. 
itself. 


ропе the completion of your practical note- 
The work should be finished in the laboratory 
(vi) Mistakes should be crossed out with a single line. Do not 
erase anything in the notebook. 
(vii) Write legibly and with good ink, 
(viii) Always draw diagrams with pencil and on the left hand 
side of the record book. 


(ix) Always write a new experiment on a fresh page. It gives 
a clear idea of the number of exp ~ 2 


eriments done by you. 
(x) The met 


і hod employed in rforming thi i is t 
be written clearly and Saati: ES ed ee 
(xi) Get 


your record book signed E : 
clean and tidy. Ened by the teacher, Keep it 


А example for keeping an experiment records is given below : 
p — —— Secping an € 
Left hand page 


(i) Experiment No. 


(0 Experiment No, 
(ii) Name of Experiment 


(ii) Name of Experiment 
(iii) Diagram with pencil 


(li) Apparatus and chemicals 


(iv) Chemical equation (if any) (8) Theory 


iiv) Observati 
( 4 Tyations (9) Procedure 
(у) Calculations 


Ci) Precautions 
Result 


Result 
To tii 


~ 


v d 
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1.13. Study of Burners 


There are several types of Bunsen burner: i 

. hei | s, but th 

principle in each type is always the same. In a burner oil eed 

gas is burnt in the presence of air to produce an intense hot ame 

The шретш gE tae flame can be controlled by regulating the 
ow of gas and air. e essential parts of i 

tow Gf gas gn pi a Bunsen burner (Fig. 1.8) 


(i) Base. It is а heavy metallic disc i 
brass. The base keeps the burner in a адра tis: 155 
provided with a side inlet tube б 15,8530 
for the gas. The inlet tube is 
connected by a rubber. tubing 
to the gas tap. 


(ii) Nipple. It is gen- 
erally made of brass. It is 
fitted just at the top of the 
base. It has a fine hole in the 
centre. The gas which enters 


É GAS MIXTURE 
D 


/ 


R 


the base through the side inlet IPPLE 
comes out through the nipple 
under increased pressure into as 


the burner tube. 


(iii) Burning Tube. It 
is a long cylindrical tube about 7 : 
10-15 cm in Jength. It is gene- Fig.1.8. Bunsen burner and its parts. 


rally made of iron or brass. It j 
has two holes opposite to each other above its lower end which serve 


as air holes. It can be screwed ог unscrewed at the base. Gas and 
air enter this tube and burn at the top. 

(iv) Air Regulator. , It is a metallic ring which has two holes 
corresponding to the two alr holes of the burner tube. It is provided 
at the lower end of the burner tube. By rotating the air regulator, 
it is possible to control the air holes thus regulating the supply of air. 


Working. When the burner is to be used, the rubber tubing 
attached to its base is connected to the gas tap. The air regulator 
is adjusted to close the air holes. The gas tap is then opened and 
the lighted match is applied to the edge of the burner opening. The 
gas burns with a yellow flame, i.e., it is luminous (Fig. 1.9(a)). This 
is caused by the reduced supply of air inside the tube. It is used 
only for reducing purposes and is, therefore, known as reducing 


flame. 

When the air regulator is adjusted to open the air holes, the 
flame becomes non-smoky and non-luminous because of the complete 
combustion of the gas (Fig. 1.9(b)). This flame is used for general 
heating purposes. It has a higher temperature than the luminous 
flame. It is also known as an oxidizing flame. 
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NON-LUMINOUS 


о ОДУ FLAME 


LUMINOUS 
FLAME 


AIR HOLES. 
PARTIALLY OPEN 


@ (5) 
Fig. 1.9. Bunsen burner's flame when holes are 
(а) closed and (5) opened. 


Striking Back of the Burner. When the supply of the air 
in the gas-air mixture becomes high, the flame becomes unsteady and 
noisy. At times, the flame may even disappear and the gas burns 
at the mouth of the nipple, giving a small blue fame. This is known 
as the striking back of the flame. This makes the burner hot. 


If the burner has struck back, close the gas tap, cool it, then 
light the burner again with a smaller opening for the air. 


It is possible to prevent the striking back of the burner by 
either decreasing the air supply or by increasing the gas supply, 


Precautions. Whenever a burner is used in a laboratory, the 
following precautions should be kept in mind : 


(5) Always keep the air inlets closed when lighting the burner. 


(ii) To geta steady non-luminous flame, open. the air holes 
gradually, 


. (i) Regulate the flame by decreasing the supply of gas by 
adjusting the gas tap 


(iv) Always use the non-luminous flame for general heating 
Purposes because it gives the maximum heat due to the complete 
combustion of the hydrocarbons. 


(0) Do not throw any chemical into the flame. This enters 
the burner tube and block the nipple. 


(vi) When the burner is Not in use, put it off by closing the gas 


tap. 
1.14. Some Simple Techniques 


In a chemical laboratory, all experi i i 
$ > periments require the fitting up 
of the apparatus. Quite often this involves cutting and bending of 


S 
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a glass tube, drawing of jets from the glass tube and boring of corks, 
etc. In this section, we shall describe these simple techniques. 


1.141. Catting of a glass tube and rounding off its edges 
It involves three steps : 


(i) Putting a Scratch. Measure the required length of the 
tube. Place the glass tube on a flat surface (generally an asbestos 
sheet placed on the table). Hold 
the tube in your left hand in such " 

a manner that the thumb points out j«-FILE 

the place to be cut. Make a single p 
and straight scratch with the sharp A 18 
edge of a triangular file at the Sra 
desired place by drawing the file 1 bones 
through the full length towards i (s ) 

yourself with moderate pressure 3 

(Fig. 1.10) while keeping the tube 


pressed downwards. Do not move 12:10 
the file backward and forward again Fig, 1.10. Making a scratch on a 
and again. glass tube with the help of a 


triangular file. 


(ii) Breaking the tube at the scratch. Hold the tube in both 
the hand in such a way that the two thumbs are on either side of 


Fig. 1.11. Breaking the tube into two pieces. 


the scratch but opposite to each other as shown in Fig. 1.11. Press 
the tube gently outwards with the help of the thumbs and pull the 
ends apart at the same time. The tube will break into pieces. If 
the tube does not break, again make scratch at the same place and 
break it by the same technique. 


(iii) Rounding off the sharp edges. The freshly cut ends of 
the tube are sharp and may cause some injury to your hands if used 
as itis. These are rounded off by rotating the tube in the flame 
as shown in Fig. 1.12 until it softens a little (the tube should not be ` 
heated fora long time otherwise it may get sealed), Now it is 
cooled in air by placing it on an asbestos sheet. When the edges 
of the tube are very rough, these are rubbed against a wife guaze 
before rounding them off. : 
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Fig. 1.12. Rounding off the Fig. 1.13. Delivery tube heated and being 
edges. rotated in a broad flame. 


1.142. Bending of a glass tube 


hand and allow the tube 
Fig. 1.14 until the bend of d 


HOT END 


ASBESTOS 
SHEET 


Fig. 1.14. Bending of glass tube Fig. 1.15. Setti i 
under its own weight. ре Ded шне 


Hold both the limbs firmly in 


and place the tube on an азђе 

Press the limbs against the Sheet to make stent cb 
the asbestos sheet (Fig. 1.15), 

Slow cooling (annealing) is Necessary to ayo; i 

tube. Soot deposited on the bent portion Mata cue a 

until it is quite cold. ешо 


your hands when the desired 


sheet while hot, 
“planar, Le., the 


19 


А properly bent tube (Fig 1.162) should have no folds and 
constrictions [Fig. 1.16 (Б), (c)]. 


ess Es ts 


(a) - (b) © 
Fig. 1.16. Bend glass tubes. 
(a) Correctly bent 
(5) and (с) Incorrectly bent. 


Precautions. (1) Tube selected for bending should be neither 
too thin walled nor too thick walled. j 

(2) Burner used should give a broad flame. 

(3) No force should be used to achieve a bend. 

(4) Limbs of the bent tube should be coplanar. 

(5) Change of angle of a bent tube by reheating should be 
avoided. : 
1.143. Drawing а jet from a glass tube 

Select a delivery tube of suitable diameter and length. Round 
off its edges. 

Hold the tube in both hands and heat the tube in the middle in 
rotatory fashion. Continue heating until it softens. 


Take out the hot tube from the flame and pull the two ends 
apart slowly and then briskly to draw the jet (Fig. 1.17). Hold the 


Fig. 1.17. Drawing jet outside the flame, 


Fig. 1.18, Cutting the drawn jets. 
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drawn tube in position until it cools down and stiffens. Place it on 
the table and cut it into two jets by giving a gentle scratch with a 
triangular file on the capillary portion (Fig. 1.18). Round off the 
ends of the jets by heating in the flame only for a short while. 


1.14.4. Boring a cork and fitting a glass tube in it 


Cork boring is one of the important preliminary experiments. 
It may be completed in the following steps. 


(i) Select a good cork free from holes and cracks fora vessel. 
It should enter the vessel opening with difficulty. Wet the cork with 
water and compress it with a cork kneader (press) or by pressing it 


under shoe (Fig. 1.19), after which it becomes soft and fits well into 
the opening. 


T WITH GROOVES 
» 


(SKN 


GROOVED! 


IT 
“FLOOR 

Fig. 1.19 (c) Pressing the cork under shoe, 
(ii) Now select a cork borer (bit) of the 


) roper siz ig. 1. 
whose diameter must be somewhat smaller than’ that pud ian. 
tube. 


(iii) Place the cork on the table with its narro 
and hold in M et hand. Make a round mark n FREE 
pressing the bit gently inward. Make a similar i 
side of the cork. Dip the selected bit in SICA eee 


à à water (facili i 
and place it vertically over the mark while holding = HOUR 


S.C.E R.T, W.B. LIBRARY 


* рас ТОБА 
Acca, №... 120 C3 a 


9*5s2«002 529 


hand. Press it downward with a twisting motion (Fig. 1.21). See that 
the bit and cork axes coincide, otherwise the hole will be skew 
(Fig. 1.22. When the bit almost reaches the half-way pull out 
the bit carefully and remove the cork dust stuck in it by means of 


а probe. 
с НАМО; x 


Fig. 1.20.. (а) A set of cork bores. Fig. 1.21. Boring the cork. 


(b) Selecting a cork borer. 


CORRECT WRONG 
BORE 


Fig.1.22. (а) A clean straight hole 
in the cork. 
(b) Wrong bore. 


Now place the cork upside down. Place the bit on the mark 
and insert it gently till it reaches the end of the cork. Make the 
bore smooth by removing the bits of cork left inside the hole with 
the help of glass rod. 


(iv) Moisten one end of the tube, to be inserted into the cork, 
with water. The tube andthe cork should be held as shown in 
Fig. 1.23. Now push the tube gently through the hole with a rotatory 
motion. If the tube is bent, do not hold it at the bend, since the tube 


Fig.1.23. Position of hands when inserting a straight tube into cork 


44 


Solutions of ammonia and sodium hydroxide 


Name Molecular Approximate Preparation 

formula normality 
Conc. ammonia NH; 15N Prepared by diluting the 
solution 


liquefied ammonia. It 
contains approximately 
28% of ammonia by 
weight. Its specific gravity 
is 0°88. 
4N Dilute 268 ml of the conc. 
ammonia to one litre by 
distilled water, 
Sodium hydroxide Nagy 4N Dissolve 176 g sodium 
solution hydroxide pellets іп 
distilled water. Cool it and 
dilute to make the solution 


Dilute ammonia N 
solution нон 


one litre. 
1.20.6. Preparation of solutions to be used as laboratory 
reagents. 
In the laborato i of definite concentrations 
are used, Ch Ty, reagent solutions 


amically pure compounds are dissolved in distilled water 
Or some other Solvent to Prepere their solutions. 


псе is water soluble, but turbidity or a precipitate 


Bong i i a result of hydrolysis. : 
Е the dissolved solutions on standing as y 


Solution (НО! to ciibstance, the appropriate acid is added to the 


For the Preparation of acid H ]HBOrAtOD 

and base solutions (labora ory 

а the aes) has already been suggested. je prepring 

H > aer Individual reagent i dures have been 
given in appendix, gent solutions, the procedu: 


ORAL QUESTIONS AND ANSWERS 


Why is a Bunsen burner provided with air holes ? 


Gas burns completety in the presence of air and thus 
‘Comes non-luminous. 


9.122, Which zone of 


Ans. The outermost 
part. Here Complete combu: 


9.11. 

Ans. 
the flame ђе 
the flame is the hottest ? 


Part of the flame, i.e., non-luminous 
stion of hydrocarbons take place. 
Q.1.3. How are luminous and non-luminous flames obtained ? 


_ Ans. When the supply of air is reduced, the flame becomes 
luminous and smoky. When the air- r 


У і hole is opened, а non-luminous. 
flame is obtained, 


bt 


Це 2 
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О. 1.4. What type of flame would 


you use for general heating 
purposes 7 


Ans. A non-luminous oxidizing zone of the flame. This part 
of the flame is surrounded by the oxygen of the air which helps in 
the complete combustion of hydrocarbons. It is the hottest part of 
the flame. 


Q. 1.5. When does the flame jump into the burner 2 


Ans. This occurs when the 


5 Proportion of air in the gas-air 
mixture becomes high. 


Q. 1.6. What happens when the burner strikes back 2 


Ans. The burner gets very hot, which may lead to serious 
conseguences such as ignition of the rubber tubing through which 
the gas is supplied, spoiling of the table, and burning of one’s hand, 


Q. 1.7. How will you control the jumping of the flame into 
burner ? 
Ans. Ву cutting the supply of gas. 


O. 18. What conditions hav 


€ to be observed in cutting a 
glass tube. 


Ans. l. Never give multiple scratches with a file. 
2. Always give a single jerk while breaking the tube, 


3. Hold the tube in both hands in such a way that the 
thumb nails are on the scratch. 
Q. 1.9. What happens to 
conditions are not followed ? 
Ans. A smooth cut would not bi 
and irregular end is obtained. 


Q. 1.10. While rounding off the freshly cut end of the glass 
tube, flame, at times, becomes yellow. Comment. 


Ans. This indicates that the edge melting has begun. 


Q. 111. Why is it not advised to keep the freshly cut end of 
the glass tube in a flame for a long time while rounding off the 
edges ? 


Ans. The tube, if heated for long, gets softened. Finally the 
open end of the tube gets closed. 


the glass tube when the above listed 


е obtained. Tube with rough 


Q. 112. Why is soot deposited on the bent portion of the 
glass tube not removed while hot ? 


Ans. Soot being a bad conductor of heat helps in the process 
of cooling. 


О. 1.13. Why is it advisable to blacken the heated part of a 
tube over a smoking flame after treating it in a non-luminous flame ? 
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can break and cut your hand. The bent side tube should be held in 
the left hand and cork should be inserted gently while holding it in 
the right hand (Fig. 1.24). 


! 


Fig. 1.24. Position of hands when inserting a bent tube into cork 


_ Precautions. (i) Press the cork gently in a cork press, other- 
wise the cork can crack, 


(ii) Keep the borer perpendicular to the end of the cork. 


(iii) When making two holes on each side of the cork, see 
_ that the two holes are straight and parallel. 


(iy) Do not use round file to clean a bore. 
115 Apparatas Assembly 


_ When performing a experiment, one has to assemble the 
required apparatus or set up from individual components, generally 
made of glass. The success of an experiment and also its safety 
often depend on the quality of apparatus assembly. The apparatus 
assembled by students should be leak proof, compact and should 
Acquire an attractive appearance. In order to seal the joints of the 
apparatus where leakage of gas is possible, use wax or plaster of 
paris. Wax should not be used where heating is required. 


P 


| (=> 


CORK HAVING 
TWO HOLES 


Fig. 1.25. Various parts of wash bottle and assembled wash bottle 


AS 
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Forassemblinga wash bottle (Fig. 1.25) the following things 
are required, namely, a flat bottom flask, glass tubing, cork, trian- 
gular file, cork borer, rubber tubing, burner and asbestos sheet. 


To assemble the apparatus, it is necessary to prepare two glass 
tubes (опе 30cm long tube bent at an angle of 60° and the other 
15 cm long tube bent at an angle of 120?) and a jet. 


Bore two holes in a cork according to the diameter of the 
glass tubes Insert the two bent tubes gently into the cork. Fit 
the cork in the neck of the flask. Connect the jet to a tube bent at 
60° by means of a narrow rubber tubing. Make sure that the wash 
bottle assembled according to Fig. 1.25 is air tight. 


1.16. Sedimentation and Decantation 


Sedimentation is the process of settling . down of heavier 
particles in а suspension, when it is allowed to stand for some time. 
This technique of separation is used when the particles in suspension 
are not fine and therefore settle down easily (Fig. 1.26). The 
supernatant liquid can thus be easily decanted off (Fig. 1.27) without 
disturbing the sediment. The process of sedimentation followed by 
decantation is employed to separate a mixture of a-liquid component 
and an insoluble solid component heavier than the liquid component, 
e.g., suspended particles of sand in water. 


WATER 


SETTLED 
PATICLES 


Fig. 1.26. Sedimentation 


If the suspended particles are lighter in nature than the liquid, 
they will get collected over the surface of the liquid and therefore 
can be scooped out. This type of separation of lighter particles on 
standing is called flocculation. When suspended particles are very 
fine they take more time in settling down. In such cases, filtration 
method is employed for separating the particles. 
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Fig. 1.27. Decanting off a supernatant liquid using a glass rod 
117. Evaporation 


It is the process of converting the liquid into vapour either by 
keeping it in air at ordinary temperature or by heating it on a water 
bath or sand bath (Fig. 1.28). The solid substance to be purified 
remains behind after the liquid evaporates. This method is used to 
purify the substances which are 


he subs non-volatile in nature and otherwise 
soluble in liquid (water), 
CHINA DISH 
U CONTAINING. 
GAS FILTRATE 


CHINA DISH 
CONTAINING 
FILTRATE 


WATER BATH 


(О) 


Fig. 1.28. Evaporation 


~ _ 
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(о) 
Fig. 1.28. Evaporation 


1.18. Filtration 


To separate solids from a liquid, filtering through paper filters. 
(smooth or fluted) is done. Cotton wool, glass wool or other such 
materials can also be used as filters. The liquid separated in 
filtration is called the filtrate. 


To make a smooth filter paper, take a square piece of filter 
paper according to the size of the funnel to be used. Fold it in half” 
as shown by the dashed line in Fig. 1.29a and then give another fold. 
Cut away the outer corners giving it an arc shape. Fix the cone into 
the funnel with distilled water. Press the edges of the filter paper 
firmly against the sides of the funnel so that no air bubbles can get 
between the filter paper and the funnel. While the liquid is being 
filtered, the edge of the filter paper must be lower than the funnel 
edge by at least 1'0 cm. 


To make a fluted filter paper take a circular piece of filter paper 

and fold it into quarters. Now open it as shown in Fig. 1.295 I. 

Place 01 along 02 and press the paper, then open it. Put 03 along 

02, press and open. The result of these two steps is shown in 

Fig. 1.29b П. Similarly, place 1 along 4, crease and open, then 1 

along 5 ; 3 along 5; and 3 along 4 (Fig. 1.295 Ш). Next for creating 

opposite folds, put 01 and 06, crease and hold shut as you place 

06 under 04, and so on to make а fan by means of eight opposite 
folds. Open and you get the fluted filter paper shown in Fig. 1.296: 
IV. With fluted paper, filtration is fast. 
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Ans. Heated part gets covered with soot which works as a- 


bad conductor of heat.. Soot covering helps in the process of cooling. 


Q. 1.14. Why is it advisable to use a broad flame when 
bending glass tubes ? 


bend. 


Q. 1.15. Why is the cork moistened and pressed before: 
boring ? 

Ans. Cork is made of porous brittle material. 
avoid cracking of the cork and to get smooth bore, it 
with water and pressed in a cork press. 


Q. 1.16. How should a bent tube be 
the cork ? 


Therefore, to: 
15 moistened: 


inserted in the hole of 


Ans. When inserting a glass tube in h 
moisten the end of the tube. Do not hold it at 
tube can break and cut your hand. The tub 
shown in Fig. 1.24. 


Q. L17. Why is it advisable to 
while evaporating the solution ? 


ole of the Stopper, 
the bend since the 
€ Should be held as 


heat the solution gently 


Ans. On strong heating the solutio Very conc 
ted and will spit out of the dish as steam is formed pe ЕТЕ 
solid parts of the mixture. i- 


Q. 1.48. What is sedimentation and decantation ? 
Ans. See section 1.16. 


Q. 1.19. In what cases, are ordinar filt 
in what cases, are fluted filter papers used ? ет papers used, and 


Ans. When it is desired to retain the precipit 

i i А at 
орвғацоца, ordinat filter paper is used since it fant’ for further 
the precipitate from such a filter Paper. If, ont 
solution only is needed for subsequent , the other hand, the 
paper is used ; filtration in, this c. 
larger filtering area. 


n becomes 


Q. 1.20. How can you increase the rate of filtration ? 
Ans. The rate of filtration can be 


inci р 
suction pump. Teased by using а 
1,21. Why is the filter paper m i 
starting the filtration 7 Per made wet with water before 


Ans. Water helps in the pro В 
against the sides of the funnel. Proper fixing of the filter paper 


Ans. To avoid the formation of folds and constrictions at the- 


————— IL €—— 
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Q. 1.22. What is the harm if air gets іп between the filter 
paper and the funnel ? 
Ans. The rate of filtration will become slow. 
Q. 1.23. Is water always used to wet the filter paper 2 


Ans. No, water is not used to wet the filter paper when the 
liquid to be filtered is not miscible with water. 


Q.1.24. How can а Наша be transferred from a beaker to a 
funnel without spattering, and without running down the outer 
wall of the beaker ? 

Ans. By pouring the solution against the stirring rod while the 
tip of the beaker touches the rod as shown in Fig. 1.30. 


OO 
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Fig. 1.29 (a) Folding of a filter paper. 


фри 


Fig. 1.29 (5) Shaping of a Piece of a filter paper into fluted shape. 


NE 2 


Fig. 1.30. Filtration of a solution.} 
ALUM CRYSTALS 


MOIST FILTER PAPER 
IN BOTTOM OF 
BUCHNER FUNNEL 


FILTER PUMP 


> 


Fig. 1.31 (a) Buchner funnel Fig. 1.31 (b) Filtration under 
reduced pressure 
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Place a funnel with а filter paper (smooth or fluted) in the ring- 


of a stand so that its stem touches the wall of the receiver. Pour the 
liquid to be filtered into the funnel along a glass rod which you 
should hold in your left hand (Fig. 1.30). 


For filtration, buchner funnel (Fig. 1.31a) can also be used. 
The filtration process can made faster by using a suction pump, i.e. 
filtration under reduced pressure (Fig. 1.315). 


1.19. Weighing 


Weighing with varied accuracy is required in laboratory work. 
For weighing, various types of balances have been designed : chemical 
balance, analytical balance, single pan balance, rough balance 
(Fig. 1.32), etc. 


Fig. 1.32. Rough balance 


A conventional analytical balance can be used for weighing as 
much as 200 g with an accuracy up to 070002 р. It was invented by 
Lavoisier, the father of analytical chemistry. An analytical balance 
is shown in Fig. 1.33. The main parts ofthe balance are: the 
graduated meta] beam, pillar, pointer, stirrups, pans, balancing or 


levelling Screw, index scale, knife edges, plumb line, key or lever, 
rider carrier. 


The metal beam (equal-arm lever) is provided with three knife 
edges two at its ends and oneatits middle. The middle knife edge 
rests on a place on the central pillar ofthe balance and provides 


knife edges. The beam is provided with a long pointer that points 
the deviation of the beam from a horizontal position (pointer is 
opposite zero) on a scale, 


The balance is housed ina wooden cabinet whose front glass 
door can to raised and whose side glass doors can be opened. The 
cabinet protects the balance from dust and air streams. The latter 
make accurate weighing impossible, 
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Fig. 1.33. Analytical balance. 1. Pillar, 2. Key, 3. Pans, 4. Pointer, 
5. Graduated scale, 6. Plumb weight, 7. Screws for levelling the 
balance, 8. Beam, 9. Screws for balancing empty pans. 


The following should be taken care prior to weighing : 
(i) Clean the balance with a soft cloth and brush the pans. 
(ii) Check the balance for accurate levelling which is indicated 


"by the plumbline of the balance. If the balance is not in level, turn 


the levelling screws to bring the plumbline in correct position. 
(iii) Gently turn the key (arrester handle) to the right (clock- 


~wise) and see the rocking of the pointer. 


. _ If the pointer deviates from zero by the same number of divi- 
sions to the right and left, consider that the balance is in a good 


-order. If it does not, bring it to the equilibrium position by adjusting 


the screws provided at the ends of the beam. After the balance has 
been checked, the beam should be arrested ; this is done by moving 


"the key back into the non-operation position. 


Weighing Operation. Putthe substance to be weighed on a 


-dry glass plate ог in a weighing bottle whose weight has been deter- 


mined before hand. Place the object to be weighed on the left pan 
of the balance and the weights on the right pan. Turn the handle 
(or key) to the right and notice the movement of the pointer. If the 
pointer moves more towards the left, it indicates that the object is 
lighter than the weights in the right pan. This stage necessitates the 
removal of certain weights from the pan until the object is counter- 
balanced by the weights. However, if the pointer moves more towards 
the right, it indicates that the object is heavier and to counterbalance 
the object, addition of weights is required. Add or remove weights 
systematically to or from the right pan until the difference of the 
weights in the right pan and that of the object is less than 10 mg. 
Now for final weighing, make use of the rider. When the pointer 
swings back and forth across the graduated scale an equal number 
of divisions on each side of the zero mark, the object is considered to 
show its correct mass. Now arrest the beam and record the weights 
placed in the right pan and the weight contributed by the rider (as 


calculated from its position). 
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Methods of Weighing 


(i) Weighing by difference: A watch glass or weighing bottle is 
weighed. A requisite amount of the substance is taken in a weighing 
bottle and is weighed accurately. The weighing bottle is then 
carefully removed from the pan and the content is poured into the- 
beaker or flask. The weighing bottle is reweighed with its remains. 
The difference in weights gives the mass of the substance taken. 

Mass of weighing bottle J-substance—W; g 

Mass of weighing bottle after taking out the substance=W g 

Mass of the substance taken —(W1—») g 


(il) Weighing by addition: A clean watch glass is accurately 
weighed and a suitable amount of the substance is then added to it. 
Required weights are placed on the right pan. The substance is 
added or removed from the watch glass a little at a time by a small 
spatula until the required weights are counterbalanced by the watch 
glass and its contents. Now when the balance is arrested, the 
watch glass is removed carefully and the substance is transferred to 
а beaker (or flask) and the particles of the substance still adhering to 
the watch glass are washed off with a stream of water from the wash 
bottle in the beaker. A substance can also be weighed in a weighing 
bottle but the addition and Temoval of substance becomes a time- 
consuming exercise. 

Accurate mass of watch glass=W1 g 

Mass of watch glass--substance— Wz g 

Mass of substance taken—(Wa—W.) р 

- v T eight Box. This is a wooden box with grooves in which the- 
nickel plated metallic weights of mass 50 g, 20 g, 20 g 10g 5g, 2g, 
2 5, and 1 g are kept (Fig. 1.34). There are fractional weights of 


РТА, 
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Fig. 1.34. Weight Box, 


3r. 


mass 500 mg, 200 mg, 200 mg, 100 mg, 50 mg, 20 mg, 20 mg, 10 mg, 
5 mg, 2 mg, 2 mg, and 1 mg. The fractional weights lower than 
10 mg are generally not used. A rider is employed for weights 
lower than 10 mg. 


Rider. The rider is a curve shaped small piece of wire. It is. 
made of aluminium, platinum or gold, weighing 10 mg. When the 
tider is kept in the balance pan or it rests upon the tenth 
graduation mark of the beam which is vertically above the point of 
suspension of the pan, its full weight (10 mg) is taken into account. 
However, its effective weight in milligrams will vary according to the 
position of the rider on the graduated beam. The beam remains 
divided into 10 divisions on each side of the centre and the each 
division is further subdivided in five equal parts indicating 1/5th 
ofa milligram. Divisions are always numbered. The rider on the 
beam is positioned with a rider carrier which can be moved to and 

W fro. The effective-weight of the rider corresponds to the position 
ў in which it is placed. 


Position of rider and its effective weight 


Position on Weight in d Position on Weight in 
division gram Subdivision gram 
1 0.001 1 0.0002 
2 0.002 2 0.0004 
3 0.003 3 0.0006 
| 5 0.005 4 0.0008 
l 7 0.007 


аы ацан NN 
Precautions іп using the balance 


. (i) Use the same set of weights and the same balance for all 
weighings involved in one experiment. 


< (ii) See that the balance is in operational order. 


(iii) Never place the substances to be weighed directly on the 
balance pan. Solids are weighed on watch glasses or in weighing 
bottles whereas volatile, hygroscopic or efflorescent substances and 
liquids are weighed in Stoppered weighing bottles. Caustic alkalis, 
liquid acids and other corrosive substances should not be weighed 
in an analytical balance, 


(iv) Use forceps for lifting the weights. Never touch them with 
fingers and hands. Weights should never be placed on the table or 
on the floor of the balance. The weights are kept in a box in a 
definite order that must be strictly followed when weights are placed 
in the right pan of the balance. 


(») Put weights ог loads on the balance pans and remove them. 
only when the pans are arrested and the beam is raised. 


32 


(vi) Operate the key gently so as not to jerk the balance. 
. (wii) The substance and the weights should be placed on the 
pans removed from them through the side doors. During weighing, 


and also when the balance is not being used, all the doors must be 
shut. 


(viil) Do not weigh hot objects. Hot crucibles or some other 
objects, before weighing, be cooled in desiccators to room tem- 
perature. 


(ix) After the weighing, the weights should be replaced in their 
respective nests in the box with the aid offorceps. The balance and 
the weights should always be left in order. 


(x) Record the readings of weighings immediatly in the 
practical record book. 


120. Preparation of Solutions 


The concentration of solutions is, in most cases, expressed by 
the amount of the solute by weight in a definite weight or volume of 
the solution or the solvent. More specifically, concentration is usually 
expressed in one the following ways: as percentage concentration 
(76), as molar concentration (M), as molal concentration (m) or as 
normal concentration (N). 


Molar concentrations 


The most useful way of expressing exact concentrations of 
solutions is in terms of moles of solute per litre of solution. Such 
concentrations are called molar and are designated by the letter ‘M’. 
It expresses with considerable accuracy the exact. number of particles 
(ions or molecules) per unit of solution volume. 


Molarity—moles of solute per litre of solution 
n 
where n—number of moles 
V— volume in litres of solution 


A mole (6:02 1028 particles) of atoms or molecules is present 
in the atomic or molecular mass expressed in grams. This mass of any 
substance that contains a mole of particles is called the molar mass. 


le of sodium atoms (atomic mass— 23) has mass of 


molar mass of sodium is 23 g mol 1 (g mol 1 
means g per mole). Similarly, a mole of water molecules (molecular 
(pm a mass of 18 р and thus the molar mass of water is 


Now the molarit 


[ Y of a solution can be calculated from the 
expression, 


^ Grams of a solute lit: 
Molarity= регио f 
ty Grams molecular Weight of the solute 
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While preparing the dilute solution of desired molarity and 
volume, we must be careful to distinguish between the concentration 
(molarity) and the amount (moles) ofa solute ina solution. The 
concentration of a substance in a drop of its solution is the same as 
its concentration in a litre of the same solution. Obiviously, the 
amount of the substance in its one litre solution is much greater 
than it isin the drop. If the drop were diluted to a litre of solution, 
the moles of solute would remain the same even through the concen- 
tration is greatly decreased. 


Number of moles before dilution=number of moles after 
dilution 
We know that number of moles=molarity x volume 
n=MXV 
By substituting equals for equals, we get, 
M1V31— Маз 


mole mole 
where L xL= === xL 


M3V;—the number of moles before dilution 
MoVo=the number of moles after dilution 


Normal Concentration 


The normal concentration ofa solution, designated by the 
letter *N' is another way of expressing the concentration of solu- 
tions. This method is based onthe equivalent mass of the solute. 
A solution issaid to be normal one, when it contains one gram 
equivalent ofthe solute per litre ofthe solution. The equivalent 
weight expressed in grams is called gram-equivalent. It is important 
to emphasize here that the gram-equivalent is not invariant as the 
gram-molecular weight is but depends upon the reaction concerned. 


Concentration in gram per litre 
Equivalent weight 


Dilution problems involving normal concentrations are the 
same as with molar concentrations. 


Normality— 


-. Number of equivalents before dilution 
—number of equivalents after dilution 
or 5 NyVi=NoeV2 


iy 
LX L= L xL 
. Aswe known that the number of equivalents=NV, so it is 
simply a matter of substituting ‘equals for equals’. Accordingly one 
ml of 1 N solution of any substance will react exactly with 1 ml of 
1 N solution of another substance and that solutions of equal norma- 
lity will react volume for volume. 
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Equivalent Mass (ог Weight) Я 
The definition of equivalent mass depends upon ће type о 
reaction between the two reactants. The equivalent mass of a pubs: 
tance is that mass which in its reaction can correspond to Х g 
oxygen or 1 2 of hydrogen, or the equivalent. In the context o а 
acid an equivalent mass (simply called equivalent) of an acid Ен е 
mass of an acid that provides опе mole of hydrogen ions. Thus, 
НзРО4 contains three equivalents per mole, .HsSO4 contains two 
equivalents per mole and НСІ contains one equivalent per mole. 
Examples 
HCl(aq)+-NaOH(aq) —- NaCl(ag)--HOH(!) 
HeSO4(aq)+2NaOH(aq) —-» NasSO4(aq)4-2HOH(I) 
HgPO4(aq)2-3NaOH (aq) —— нон 
imi an equivalent of a base is the mass required to supply 
one Па ions ina reaction. Thus, in order to find out 
the equivalent mass, of an acid, it is important to know how many 
protons of an acid could be replaced by a base. Equivalent mass of 
an acid is thus defined as that mass of the acid which contains one 


replaceable hydrogen atom i.e., 
Molecular mass of acid 
Number of replaceable H atoms 
_ Molecular mass 
i) Basicity 
Similarly, the equivalent mass of a base is the mass of the 
base which contains one replaceable hydroxyl group, i.e., 
$ Molecular mass of base 
eNet ea ee bes SEHE ions which react with 
a molecule of bası 
Molecular mass . f 
Xi Acidity 
generally calculated by dividing 


(or negative) valence. Examples 
and salts are tabulated below : 


Equivalent mass of acid — 


The equivalent mass of a salt is 
the molar mass by the total positive 
of equivalent of some acids, bases, 


Equivalent masses of 


Some important acids 


Name of acid Formula of Molecular weight Name of Equivalent 
acid replaceable Н таз 
Molar mass (glmole) atoms (B) (e]equiv.) 
(MIB) 
Hydrochloric acid НСІ 36,5 1 36.5 
Sulphuric acid Н,50; 98 2 49 
Nitric acid HNO, 63 1 63 
ANE COOH 
Oxalic acid 1 oH 2H,0 126 2 63 
Acetic acid CH,COOH 60. 1 60 
Phosphoric acid ^ ЊРО, 98 


аше рив сне 
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Equivalent masses of some important bases and salts 
which behave like bases. 


Name of base Formula of Molcular weight Acidity Equivalent 
base mass (рједићу.) 
Molar mass (g|mole) (M/A) 
Sodium hydroxide NaOH 40 1 40 
Potassium hydroxide KOH 56 1 56 
Calcium hydroxide Ca(OH). 74 2 37 
Sodium carbonate Na;CO; 106 2 53 
Potassium carbonate K,CO, 138 2 69° 
Sodium bicarbonate NaHCO, 84 1 84 
Potassium bicarbonate KHCO, 100 1 100 
Equivalent masses of some important salts 
Compound Molar mass Total positive Equivalent mass 
(g/mole) volume (g/equiv.) 
KCI 74:5 1 + 
NaCl 58°5 1 
NasSO4 142 2 
AIClg 133'5 3 
Ale(SOa)3 342 6 


The equivalent weight of a substance involved in oxidation- 
reduction titrations is defined as the weight of the substance which 
consumes or produces 1 mole of electrons directly or indirectly. 
Numerically, this may be expressed as follows : 


А зор Molecular (or ionic) weight 
epe icy d Number of electrons gained or lost per 
molecule (or ion) of the substance 

From the above definition it follows that the determination of 
the equivalent weight of an oxidizing or reducing agent involves the 
following steps : 

(i) Complete and balanced ionic equation for its reduction or 
oxidation reaction, and А 

(ii) The number of electrons required ог lost per molecule as 
per the balanced ionic equation. The balanced ionic equation of 
KMnO; in acid solution is 

MnO4 -4-8H*4-5e" —— Mn?*-J-4H»0 

From this equation it is evident that five electrons are gained by 

each MnO,” during the course of the reaction. 


Therefore, 


л -_ lonic weight зй 
Equivalent weight of MnO4 zone weight of МПО gion 


5 
Molecular wei 
Equivalent weight of KMnO,——-9 ecular weight of KMnOg 


158 
=—5—=31.6 
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Standard Solutions 


` A solution of known concentration is considered as a standard 
solution. The strength ofa standard solution is expressed in gram 
equivalents per litre or moles per litre. For example, if 8 g of a 
substance is dissolved in one litre solution, its strength is 8 g/L. 


Some of the standard solutions are prepared by weighing out 
accurately and dissolving the weighed solute in a suitable solvent and 
making up the solution to a known volume. Standard solutions of 
sodium carbonate, oxalic acid, potassium dichromate, etc. are pre- 
pared in this way. These substances are available in the pure form 
(analytical grade) and are called primary standard substances. Their 
solutions of known concentration are called primary standard solu- 
tions as other solutions are standardized against them. 


А primary standard substance must have the following charac- 
teristics : 


(i) It should be easily available in the pure state. 
(ii) It should be stable at room termperature. 
(iii) Its composition should not change when stored. 
(iv) It should be readily soluble in water. 


Crystalline oxalic acid, sodium carbonate and Mohr's salt, etc., 
have all the characteristics of primary standard substances. 


Substances which do not meet the above requirements are 
called secondary standard substances. Standard solutions of these 
substances cannot be prepared by dissolving their known amount in 
a solvent. For the preparation of standard solutions of such subs- 
tances, as НСІ, HaSO4, KMnO4, NaOH a aqueous ammonia, etc., 
first solutions of approximate concentration are prepared and are then 
standardized by titrating against a suitable primary standard solution. 
Concentrated НСІ is about 12 Nand the strength of conc. HoSO, is 
about 36 N. Hence, the solutions of these acids of approximate 
strength are prepared by diluting their calculated volume to a known 
volume. 


1.20.1. Preparation of the standard solution 


(1) Take a clean and dry weighing bottle. Weigh the weighing 
bottle accurately and record its weight in your record book. 


(ii) Put the substance with a spatula in the ‘weighing bottle and 
take its weight again. The difference between the initial weight of 
the weighing bottle and that of weighing bottle with its contents 
should correspond to the calculated amount of the substance. Again 
record its weight in your record book. 


(iii) Transfer the weighed substance from the weighing bottle to 
а 250 ml beaker (Fig. 1.35). If the substance is weighed by difference 
method, the weighing bottle should now be weighed again. If not, 
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the weighing bottle should be washed with its contents. Transfer 
these washings to the beaker. 


Gv) Add distilled water from a wash bottle along the sides of 
the beaker so that there is no splashing. 


(у) Dissolve the substance by stirring it gently with a glass rod. 


(vi) After ensuring the complete dissolution of the substance 


transfer the entire solution into a measuring flask with the help of a 
funnel [Fig. 1.36(a)]. 


(vii) Wash the entire interior surface of the beaker with distilled 
water and transfer the washings into the measuring flask [Fig. 1.36(5)]. 


TRANSFERRING 
THE SOLUTION 


Fig.1.35. Transferring of 
weighed substance to * Beaks 
for dissolution. 


Fig. 1.36. (а) Transferring the solution into a 

measuring flask, (6) Washing the inner 

surface of the beaker and transferring the 
washings into the flask. 


ADDING 
MORE 


Fig. 1.37. (а) Addition of water, (5), (c) Additi 
water to make uj ib KO Adi ion of last drops of 


d 
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(viii) Now add more of distilled water from a wash bottle taking 
care not to fill upto the mark but a little below it [Fig. 1.37(a)]. 
Finally add a few drops of distilled water with a pipette until the 
lower level of the meniscus just coincides the graduated mark on 
the flask [Fig. 1.37(5), (c)]. 


(ix) The measuring flask is then stoppered and shaken vigorously 
for a few minutes to make the solution homogeneous. 


Note: І. The substance can be weighed in a watch glass also. 


2. The weighed substance сап be transferred directly into a 
measuring flask to avoid the loss ofa substance. Any spoilage in- 
validates the result. 


1.20.2. Preparation of a standard solution of oxalic acid 
Molecular formula of oxalic аса=(СООН).28%0 
Molecular weight of oxalic acid—126 g. 2 
То prepare 1000 ml of 1M oxalic acid, 126 g of oxalic acid is 


2209126 У 
required. To prepare 1000 ml of de oxalic acid 710 g or 126g 
of oxalic acid is required. And to prepare 250 ml of м oxalic acid 


125х250, g or 3:15 g of oxalic acid is required. 


Now to prepare a normal solution, equivalent weight of oxalic 
acid is required. Its equivalent weight is half of its molecular weight 
as the oxidation of one molecule of oxalic acid liberates two electrons 
or it contains two replaceable hydrogen atoms. Now to prepare 250 


N M -, 603x250 7 pak i 
ml of do oxalic acid, 000 8% 1'575 g of oxalic is required. 
In general, 
Mass of substance 1000 


Normality— Equivalent weight “ Volume of solution 


Normality— > 


Mass of substance required—x g 
Equivalent weight— 63 
Volume of solution required—250 ml 


-1 _ x 1000" 
10 — 63 X 250 
x= l 469x290 575g 


10 1000 
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Now weight the calculated amount of oxalic acid as suggested 
in sections 1°19 and 1.20.1. Dissolve the sample as suggested. 


Weight of watch glass=w1 g 
Weight of watch glass+ oxalic acid=we g 
Weight of oxalic acid=(w2—w1) g 
Volume of solution prepared—250 ml 


— 1000  4(wo—w)) 
Normality of oxalic acid= У у Am Wa) 


6377 ^ 25071 163 
— 1000 4 (wa— w1) 
Molarity of oxalic acid= Ee х6 7 o 


The terms ‘mass’ and ‘weight’ are loosely equated in practice. 
1.20.3. Preparation of a standard solution of sodium 
carbonate 


The molecular formula of anhydrous sodium carbonate is 
МагСОз. 


1 1 1 1 id-alkali 
The equivalent weight of a salt taking part in an aci 
titration is calculated by making use of the law of equivalents or 
using the formula, T 
i Molecular weig 
Equivalent weight of Маг СОз= T Cal 


==——==53 


2 


Thus to prepare 1000 ml of 1N sodium carbonate solution 53 g of 


salt are required. 
To prepare 1000 ml 


of N/10 sodium carbonate solution, 
53/10 g or to Prepare 250 ml of N/10 sodium carbonate solution 
2 . 
axes 8 or 1'325 g of sodium carbonate are required. 
Weigh 1:325 


8 of sodium carbonate ina watch glass and dis- 
Sample as suggested in Section 1.20.1. 


Weight of watch 81а55= и g 
Weight of watch glass+sodium carbonate—wo g 
Weight of sodium carbonate— (wo—wi) g 


Volume of solution prepared— 250 ml 
Normality of sodium carbonate 


Mass of sodium carbonate 100 
E Equivalent weight 


solve the 


Volume of solution 
_ (ve—w1) 1000 
530 “5250 


X 
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au 4(we—w1) 
Normality=—— 
Molecular weight of sodium carbonate=106 
4 (w2— w1) 


Molarity of sodi = 
olarity of sodium carbonate 106 


1.20.4. Standard solutions of acids 


The most commonly used acid solutions in the laboratory are 
hydrochloric, sulphuric, nitric and acetic acids. These acids cannot 
be weighed like crystalline substances for preparing their solutions of 
known concentrations. Therefore, it is important to know the 
methods by which their standard solutions can be prepared. The 
concentrations of these commonly used acids are as follows : 


Acid Specific Approximate 
gravity normality 
Hydrochloric acid 119 12N 
Nitric acid 142 16N 
Sulphuric acid 1'84 36 N 


Acetic acid 1'05 14N 


АДА ENTER ERREUR IS) 
s For preparing dilute solutions of acids of required concentra- 
tions of acids, we can use the normality equation to calculate the 
volume of a given acid to be taken. 
МУ —N3Va 


For example; if we have to prepare 250 ml of 5N sulphuric acid 
from 36 N concentrated acid, the volume of concentrated sulphuric. 
acid required will be about 35, i.e., 

36 NX Ку =5М х 250 


5x250 _ 1250 тај 
of y= Sm 


Thus, 35 ml of concentrated sulphuric acid is taken and diluted 
to 250 ml in a measuring flask. The acid should be poured into 
water and not water into the acid. This. acid solution will be 
about 5N because the acid available in the market may not be exactly 
36 N. 

For preparing 250 ml of N/10 sulphuric acid, the concentrated 
acid required will be about 0 7 ml, i.e., | 

N 
36 NX Vig X250 


26 = 25-07 ml 
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1.20.5. Preparation of dilute solutions (known concentrations) 
of sulphuric acid 


(i) To prepare 250 ml N HoSO4 take 7 ml рше conc. HeSOa 
with the help of a measuring cylinder (10 ml capacity) and pour it 
slowly into the 500 ml beaker containing about 200 ml distilled 
water. Stir the solution by a glass rod. After all the acid has been 

-added allow the solution to stand at room temperature. Now 
transfer the solution into 2 250 ml measuring flask with the help of a 
funnel. Add more of distilled water upto the mark. After stoppering 
the measuring flask, shake the solution thoroughly for 2-3 min to 
make the solution homogeneous. The solution will be about 1N. 

The solution of Нг504 сап be standardized by titrating against 
standard sodium carbonate solution. The detailed procedure for 
standardizing the solution is given in unit 9. 

(8) To prepare 250 ml 01 N H»SO4 07 ml pure conc. Н,504 
witd the help of a measuring cylinder (1'0 ml or 10 ml capacity). 
Now follow the procedure as given above. Label the resulting 
Solution as N/10 #2504. 

Remarks. (i) When ~22'5 ml of conc. hydrochloric acid is 
added to 222:5 ml of distilled water the dilute solution so prepared 
would approximately be of strength 1 N (or 1 M). 

scan UD. When ~ 16 ml of conc. nitric acid is added to 234 ml of 
distilled water, the dilute solution of the acid so prepared would 
approximately be of strength 1 N (or 1 M). 

sn UD. When ~ 70 ml of сопс. HeSO4 is added to 243 ml of 
distilled water, the dilute solution of the acid so prepared would 
Вог i2)" be of strength IN (or 0°5 M because basicity of 
2504 is 2). 


Precautions, ]. Aci i i ive, should be 
handled with extreme d cids being highly corosive, 


5 nud Should be used to protect clothes. не 
3. T ; Д > а 5 
added into а ерагіпр dilute solutions of acids, acids shou 


АЕН а Special care should be taken in the case of 


The following tables in | 
~ clude the details about the common 
concentrated acids and Outlines for preparing dilute acids from them. 
Concentrated acids 
Percent Арргох!- 
mate 
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weight specific 


286. Normality Volume required Volume required 
to make I litre to make 250ml 
of approxi- of approximately 


gravity mately 1 N N[IO solution 
- Solution (ml) (ml) 
SCs win MN TRES 5 
uU acid 98 1°84 36 у S y 
е 9 D 16N а f 
(CH,COOH) 60 не 


а ы Э UE MESS ИИИЙ 


С Die ——— 
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Diluted acids 


“ammonia and sodium 


Acid Approximate Preparation 
normality 
Hydrochloric acid 4N Dilute 334 ml of conc. НСІ to 1 litre with 
(HCl) distilled water. 
Nitric acid 4N Dilute 248 ml of conc. HNO, to 1 litre 
Оз) with distilled water 

Sulphuric acid 4N Add 112 ml of conc. H,SO, slowly and 
(8,50) (2M) with constant stirring into about 500 ml of 

` distilled water. Cool it and make upto 1 

litre by distilled water. 

Acetic acid 4N Dilute 255 ml of glacial acetic acid to 1 
(CHCOOH) litre with distilled water 


NOTE : For diluting sulphuric acid solutions, the acid is added into water. 
Water is пеуег added to thè sulphuric acid solution. 


1.20.5. Preparation of dilute solutions (known concentrations) 


of bases. 


The most commonly used base solutions in the laboratory are 
sodium hydroxide and aqueous ammonia. Sodium hydroxide is a 
deliquescent solid ; its standard solutions cannot therefore be 


prepared by direct weighing. 


It is usual to prepare a solution of 


approximately the concentration required and then to standardize it 
against standard oxalic acid solution (unit 9). 


Ammonium hydroxide in solution is only slightly split up into 


ammonium and hydroxide ions. 


Because of this, at times, it is called 


aqueous ammonia. On standing, dissolved ammonia gas evaporoates. 
Its strength decreases with lapse of time. ЈЕ is usual to prepare its 
standard solution as and when required. А solution of ammonium 


hydroxide smells of ammonia. 


This is because the reaction of 


ammonia with water is revessible. 


NH40H(ag) == NHs (g)+H20() 
The decomposition is accelerated by heat and also by blowing 


air through the solution. 


The following 


table includes the details about the solutions of 
hydroxide and their method of preparation. 


UNIT 2 


Purification of Soluble Salts and 
Preparation of Crystals 


21. Introduction 


A substance used in chemistry should be pure. If not, we get 
wrong ideas about it. In daily life, ‘pure’ has a different meaning. 
We buy pure honey. We eat pure butter. We wear clothes made 
of pure wool. Honey, butter and wool are mixtures. In science 
then ‘pure’ has only one meaning. A pure substance isa single 
‘substance. Definite physical and chemical properties and colour and 
shape of the crystals of a substance are attributed to its purity. The 
nature of the substance to be purified determines the method of 
purification to be used. The most widespread technique is re- 
crystallization for soluble solids. 


Chemical substances can be recognized by the shape of their 
crystals and their colours. A substance (element or compound) 
acquires a definite crystalline shape depending on the conditions 
under which it crystallizes out from its solution. Growing crystals 
provide a pleasing experience and wonderful sight to chemists. The 
crystals, if grown under suitable conditions, will appear in their 
desired form. However, some crystals are easier to grow than others, 


e.g., large crystals of common salt and washing soda are difficult to 
obtain while those of alums are easier to grow. 


22. Formation of Crystals 


One should bear in m 
crystals from their solutions : 


(i) Crystals can only be obtained from a saturated solution 
of a substance becausi 


€ a cold solvent i 
равно ent is unable to hold as much 


ind the following points while growing 


(ii) Inorganic substances are more soluble in hot water. 


(iii) For the 


proper growth of crys i i 
welled ное UE crystals, at times, a bit of crystal 


ired, around which the crystal can grow. It 
may also result from the molecules present in Solutio ВЕЋЕ closer 


(48) 
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by chance. More often it is provided by some particle of dust, caught 
by the solution as per chance only. A dirty solution can provide a 
larger number of nuclei, thus resulting into the growth of many 
small crystals. Therefore, the solution should always be filtered and 
protected from dust particles before keeping for crystallization. 


- (iv) Evaporation or quick cooling of hot saturated solution 
should be avoided. As a result, the excess solute is deposited 
from the solution, and the deposit is obtained as crystals. Thus 
rapid cooling will give small crystals. 


Slow cooling of the hot saturated solution (gradual crystalliza- 
tion) will give fewer but large crystals. 


(у) During the course of crystallization, the solution should 
not be disturbed. The size and shape of crystals may change on 
disturbing the solution. 


The process of crystal formation Involves the following steps : 


1. Preparation of saturated solution of a substance. A 
saturated solution is defined as one that contains the maximum 
amount of solute at a given temperature. Thus, a saturated solution 
is prepared by taking a required amount of the substance in a beaker 
and adding water just sufficient to dissolve the substance. At times, 
a saturation stage is reached by concentrating the solution. 


2. Filtration. The saturated solution is filtered hot ina 
china dish to remove any suspending impurities, 


3. Crystallization. The filtrate of hot saturated solution 
is cooled slowly to initiate the process of gradual crystallization. 


4. Filtration and drying of crystals. When the process 
of crystallization is complete, the solution left is decanted off. The 
decanted solution is still saturated and is called the “mother liquor”. 
At times, filtration is also required. The crystals are then washed 
with ice-cold water to remove the adhering mother liquor. They 
are then dried by spreading over a layer filter paper. 


2.3. Experiments 


Experiment 2.1. To obtain pure common salt crystals from 
common salt (commercial). 


Or 


To purify common salt (commercial) by crystallization. 


Apparatus Beakers, funnel, glass rod, filter paper, evaporat- 


ing aieh, funnel stand, tripod stand, wire guaze, burner. mortar and 
pestle. 


Chemicals. Commercial sample of common salt. 
Procedure. (i) Grind some commercial sample of common 


salt with a pestle in mortar and weigh out roughly 10g. Add 
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the salt in lotsto about;50 ml of distilled water until, even with 
vigorous shaking, no more of it dissolves. To this cold saturated 
solution add a few more grams of salt and warm the solution with 
Stirring. The salt will dissolve, leaving the impurities in suspension. 
Filter the hot solution into a evaporating dish. When the warm 
solution cools, the extra quantity of salt added will crystallize out. 
This does not give good yield. 


(ii) For a better yield, heat the solution gently on a sand bath 
and concentrate it to a saturation point (Fig. 2.1). To test the stage 


SAND BATH 


Fig. 2.1. Concentration of a solution to crystallization. 


of saturation point, blow air from mouth on a glass rod dipped into 
solution (Fig. 2.2). If a white deposit appears immediately on the 
glass rod, the solution is saturated, 


After the saturation Stage is reached, stop heating the solution 
and allow the solution to cool undisturbed. 


(iii) Crystals of the salt will appear after some time. When the 
contents of the dish are sufficiently cold and the crystallization of the 
salt is complete decant off the mother liquor (Fig. 2.3). 


оу 
[^ 


Fig.2.2. Testing the crystallization point. 


CRYSTALS 


Fig. 2.3. Decanting off the mother liquor from the erystals. 


(v) Wash the crystals in the dish with ice-cold water to remove 
the adhering mother liquor. Dry the crystals by spreading them 
over a fold of filter papers (Fig. 2.7). Crystals will have the definite 
shape, like cubes, 


Note. The attainment of saturation point can be tested by a. 
modified method as follows : 


Take up some of the hot liquid ina dropper. Put drops on a 
glass slide (Fig. 2.4). White bits should form immediately in the 
drops. 
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Fig. 2.4. Modified method for testing the crystallization point. 
Results. Colour of crystals— 
Shape = 

Yield = 
Percentage yield —...... 


.. Precautions. (i) Gentle heating should Bs done to ensure 
uniform evaporation. Occasional stitring is advised. 


(ii) Cool the hot saturated solution undisturbed. 


(11) Do not concentrate the solution too much, as it will Spit 


out of the dish as steam is formed beneath semi-solid parts of the 
mixture. 


(iv) Do not boil the solution as spurting may occur, 


(v) To accelerate the process of crystallization and to geta 
large crystal a well shaped crystal should be added. 


Note. One can purify potassium nitrate, potassium and sodium 
sulphates, alums, copper sulphate and other salts in this way. 

Experiment 22. То obtain extra pure salt 
hydrogen chloride gas through saturated sodium chloride 


Apparatus. Round bottom flask 250 ml, cork wit 
thistle funnel, delivery tube, wire Buaze, tripod stand, bea 
burner, iron stand and clamp. 


Chemicals. Impure salt and conc, sulphuric acid 


Principle. Commercial salt Temains mixed with impurities 
such as calcium sulphate and magnesium sulphate. Pure sodium 


by passing 
Solution, 


h two holes, 
ker, funnels, 


will precipitate out in extra pure 
m the process 
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it can be inferred that the purification of sodium chloride is based 
upon the principle of ‘common ion effect’. 


NaCl —— Nat+Cl- 
(Solution) 


Excess of Cl- 
Nat+Cl- ————— — NaCl { (s). 
from HClgas (Extra pure) 


Procedure. (i) Set up the apparatus for producing hydrogem 
chloride gas. 


(ii) Take well ground 10g of.salt and prepare saturated 
solution of itin hot water. Cool the solution to room temperature 
and filter into a 250 ml beaker. 


(iii) Pass hydrogen chloride gas through the solution using the 
funnel arrangement as shown in Fig.2.5. Pure sodium chloride 
will separate out as white granules. Continue to pass the gas until 
no more of the salt precipitates out. 


а 


GRYSTALS 
Fig. 2.5. Purification of sodium chloride. 


(iv) Filter the white granuels through a filter paper (for folding 
of filter paper refer to unit 1 section 1.18) fixed in a funnel (Fig. 2.6) 
Wash the crystals with a small amount of ice cold water. Dry the 
crystals by spreading them over a fold of filter papers (Fig. 2-7). 
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FOLD OF CRYSTALS 


POROUS 
PLATE 


Fig. 2.6. Filtration of the crystals and 


Fig. 2.7. Drying of the crystals. 
their:washing with ice cold water. 


Results. Colour of the crystals— ...... 
Shape = 
Yield 
Percentage yield = 


Experiment 2.3, To prepare crystals of c 
(CaL H20) by reacting cupric oxide with conce 
acid. 


Opper sulphate 
ntrated sulphuric 


Apparatus. Same as in Experiment 2.1. 


Chemicals. Dilute sulphuric acid, cupric oxide, litmus paper. 
Chemical Reaction. H3S04-4-CuO + CuSO, | --Ha0 


Procedure. (i) Take 25 m] of dilute sul i id i 

250 ml beaker. Add about 2 g of black cupric aad a Heat 
gently and stirr with a glass rod. If all the oxide dissolve dd 
more. Start heating again. Continue to add until so; о rid 
(total ~5 g) is left in the liquid, ne oe: 


а Into ап ; a 
solution gently on a sand bath and evaporating dish, Heat the 
point (test the saturation point as described in 


(iii) Stop heating the i А 
for а B solution and allow the solution to stand 
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(iv) After an interval of time, biue coloured crystals will 
appear. Decant off the motherliquor and wash the crystals with 
ice cold water to wash off the mother liquor adhering to the crystals. 


Dry the crystals by spreading them over a fold of filter papers 
(Fig. 2.7). 


By making use of the apparatus called vacuum filter (Fig. 2.8). 
crystals can be dried fast without any loss. 


CRYSTALS ON 
FILTER PAFER 
(INSIDE FUNNEL) 


Fig.2.8. Filtration and drying of the crystals on vacuum filter. 
Results. Colour of the crystals— ...... 


Shape LJ RSS 
Yield d ren 
Percentage yield mma 


Precautions. (i) The solution to be evaporated should be acid 
free. This is to be ascertained by a litmus paper. Undissolved 
cupric oxide also shows that no acid is left. 


(ii) Do not concentrate the solution to dryness. 
(iii) Other precautions same as in Expriment 2.1. 
Note. One can purify the impure sample of copper sulphate by | 
preparing a saturated solution of prepared impure sample of copper 


sulphate and then concentrating it to a saturation point Uo icd 
inexperiment 2.1. The other details are given under experiment 2.3. 
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i Iphate: 
Experiment 2.4. То prepare crystals of ferrous su 
(FeSO4.7H20) by reacting iron filings with dilute sulphuric acid. 
Apparatus. Same as in Experiment 2.1. 


Chemicals. Iron filings, dilute sulphuric acid, potassium thio- 
cyanate solution, litmus paper. 


Chemical Equation. Fe--HoSO4 —> FeSO4 | +2H 


if formed during the course of reaction, to ferrous sulphate. If all 


(ii) When no more iron filings dissolve, 
into an evaporating dish. Evaporate the filtrate on a sand both 
and concentrate it to the saturation point. 


Put drops of hot solution 
on a glass slide. ЈЕ light green bits form, the saturation point has 
been reached. 


filter the solution 


(ii) Stop heating the solution. Leave it aside to 


form crystals. 
If necessary place it in an ice cold water bath for about 


half an hour. 


(iv) After a short while, light green crystals will appear. De- 
cant off the mother liquor. Wash the crystals to remove any mother 


liquor adhering to the crystals. Dry the crystals by Spreading over a 
fold of filter papers. 


Note: 1. The presence of ferric salts can be tested by treating: 


а few drops of solution With potassium thiocyanate. The formation 
of red coloration 


shows the presence of ferric salt. Addition of iron 
filings to the stage 


when no more of them dissolves will ensure the 
absence of ferric salts, 


; E Crystals of. ferrous 5 
Kipp’s waste, a 


On con- 
€ point of crystallization and coolin 
Pale green crystals of the hepta-hydrate are deported K 


Result. Colour of the Crystals= 
Shape = 
Yield | = 
Percentage yield = 
Precautions, 


Same as in Experments 2.1 and 2.3. 


"-— Е 


| 
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ORAL QUESTIONS AND ANSWERS 


О. 2.1. What is the meaning of purity of a chemical sub- 
stance ? 

Ans. A pure substance is a single substance with definite 
melting point and other properties. 


Q. 22. Explain the meaning of these words : solvent, solute, 
solution, soluble, saturated and crystals. 


Ans. Solvent. It can keep the solute, i.e., a soluble substance 
in solution. It is the major component of a solution. 


Solute. А substance which disperses in the solvent. Itis the 
minor component of a solution. 


Solution. А homogeneous mixture of a solvent and solute, 


Soluble. A substance issaid to be soluble when it disperses 
into the solvent making a clear solution. 


Saturated. А solution is said to be saturated which cannot 
dissolve the solute after a certain stage and at a given temperature. 
Here in the solution the dissolved solute is in equilibrium with the 
solid solute. 


Crystals. Substances which have a regular arrangement of 
particles and thus а defiite geometric shape. 


Q.2.3. What is meant by crystallization ? 


Ans. When a hot saturated solution of a salt is allowed to 
cool slowly, the salt starts separating out in the form of crystals. 
This process is known as crystallization. 


Q. 2.4. Why do crystals form when hot solution is cooled ? 


Anus. From hot solution, on cooling, initially some bits of salt 
come out. Around these bits, more of bits start depositing forming 
crystals. 


Q. 2.5. Does hot water as compared to cold water dissolve 
more solute or less ? 


Ans. Hot water dissolves more solute, because its tendency 


Ad randomness increases because of the increased energy on 
eating. 


Q. 2.6. Why is the solution not concentrated too much or 
evaporated to dryness in the preparation of crystals. 

. Ans. When the solution becomes very concentrated, it will 
spit out of the dish as steam is formed beneath semi-solid parts of 
the mixture. Also we get poor quality crystals. 

Q. 2.7. What is seeding 7 


Ans. Sometimes the process of crystallization becomes very 
slow. In such cases, a well shaped crystal of the salt is suspended in 
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the concentrated solution. Around this. crystal, more bits of salt 
deposit. This is known as seeding. 


Q. 2.8. Which of the two techniques is more efficient : 
decantation or filtration. 


Ans. Filtration is more efficient because it removes even the 
fine particles suspended in a liquid medium. 


Q. 2.9. What is an unsaturated solution ? 


Ans. An unsaturated solution is one which can take more of 
the solute at that temperature. 


Q.. 2.10. What is a crystal ? 


Ans. The solid form of a particle having regular geometrical 
shape is named as crystal. 


O. 2.31. What is decantation ? 


Ans. The process of separating insoluble substances from a 
liquid by simply allowing it to stand for some time and then pouring 
off the mother liquor. 


Q. 2.12. What is distillation 7 


Ans. The combined process of evaporation and condensation 
is termed as distillation. 


Q. 2.13. What is evaporation 7 
Ans. Evaporation is a process in which a liquid is converted 


into its vapour either by exposure to air at ordinary temperature or 
by the application of heat. 


Q. 2.14. List the factors that influence solubility. 
Ans: (i) Nature of the solute and solvent. 

(ii) Temperature, and 

(iii) Pressure. 


Ф. 2.15, What is mother liquor ? 


Ans. The liquid which is left after crystals are separated from 
the saturated solution is called the mother liquor. 


Q. 2.16. What is blue vitriol ? 


Ans. Hydrated copper sulphate (CuSO4.5H30) is known as 
blue vitriol. 


Q. 2.17. Will the aqueous solution of copper sulphate be 
acidic, basic or neutral ? 


Ans. It will be acidic. 


Ф. 2.18. What is green vitriol ? 


Ct ie 
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Ans. Hydrated iron (II) sulphate, FeSO4.7H2O is called green 


vitriol. 


Q. 2.19. What is common ion effect ? 


__Апз. The common-ion-effect is the effect on a system at 
equilibrium caused by the addition of a substance with an ion 
common with one involved in the equilibrium. 


Q. 2.20. How do you prepare НС! gas ? 


Ans. Common salt on reacting with conc. HaSO4 gives HCl: 
gas. 


Q. 221. What is Kipp's waste 7 


Ans. It is a solution of mainly ferrous sulphate with 
unreacted sulphuric acid in Kipp's apparatus in which Нг is pro- 


-duced by the reaction of iron (II) sulphide with dilute sulphuric 


acid. 


Q. 2.22. Why do the green crystals of ferrous sulphate turn 
brown on exposure to air ? 


Ans. Due to its oxidation to basic ferric sulphate. 
4FeSO4+2H20+ Oy —— 4Fe(OH) 504 


(Green) (Brown) 
Q. 2.22. What is efflorescence ? 


Ans. Certain substances on exposure to air lose their water of 
crystallization. This property of the substance is known efflorescence. 


O. 224. How will you calculate the % purity of substance 
(or percentage of each substance) in the mixture ? 


Ans. By using the formula given below : 


Grams of component x 100 
Grams of sample 


% component= 


Q. 2.25. Calculate the theoretical weight of copper sulphate 
obtainable from a given amount of cupric oxide. 

Ans. Theoretical weight of copper sulphate 
Gram formula wt. of CuSO4.5H20 

Gram formula wt. of CuO 
Wt. of CuSO4.5H30 obtained 
Theoretical wt. of CuSO4.SH2O from the 

given amount of CuO 

Q. 2.26. What is potash alum? Is it a double salt or 
complex compound ? 

Ans. The chemical formula {for potash alum is K2SOa. 
Ale(SO4)3.24H20. 


=Wt. of СиОх 


% yield= х 100 
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Potash alum, add other alums, are double salts, Potash alum 
on dissolving into water furnishes К+, AIS* and 5042- ions which can 
be tested by their usual tests. 


i Q.2.27. What is the nature of aqueous solution of potash 
alum. 


Ans. Acidic. 


Q.. 2.28. ‘The crystals of alums grow easilry’. Comment on the 
statement. 


. Ans. Alums аге sparingly soluble in cold water. Because of 
this property, their crystals grow easily. 


Q. 2.29. How does potash alum help in the purification of 
water ? 


Ans. Dust particles being negatively charged are coogulated 


by Al8* ions. As a result, the dust particles settle down making 
water clear. 


Q. 2.30. How will you prepare a sample of potash alum in 
you laboratory ? 


Ans. Dissolve the weighed KoSO4 (~2g) and Ale(SO4)s (77g) 
in about 7 ml disstilled water contained in two separate beakers. 
Heat the solutions to boiling. Mix the two hot solutions. A double- 
salt of potassium aluminium sulphate is thus produced. On cooling 


fine crystals of the alum separate. If necessary the solution can be- 
concentrated, 


0 E 


UNIT 3 


Study of Solubility of Solid 
Substances in Water 


3.1. Introduction 


A homogeneous mixture of two or more substances is called a 
‘solution. The substance which dissolves or disappears into the 
solution is called a solute. The other substance which dissolves the 
solute serves as the medium in which the solute is homogeneously 
dispersed, called the solvent. In a true solution, the dissolved solute 
particles will neither settle at the bottom of a container nor can they 
be filtered out by usual methods of filtration. The process of dissolv- 
ing is commonly described аза physical change, because both the 
solute and solvent can be processed in their original forms by the 
evoporation of the solvent. For example, the crystals of copper 
sulphate give blue coloured solution when dissolved in liquid water. 
Simple evaporation of the water restores the original components of 
the solution. ____ 


evaporation 
CuSOa(aq) ———— > CuSO4.5H20+ H20 


Blue crystals 


From the knowledge of solution, we know that gases form 
homogeneous mixture in all proportions. Many liquids may also 
dissolve in other liquids in all proportions to give clear solutions, e.g. 
ethanol dissolves in water. On the other hand, there are many 
instances, when the solid substance dissolves into the solvent upto a 
certain limit. For example, at 18°C, no more than 35:9 g of 
sodium chloride will dissolve in 100 р of water. This means that 
35:9 g of sodium chloride can be dissolved in 100 g of the solvent at 
18°C to make a saturated solution. Such a limit is explained in 
terms of solubility. 


Solubility may be defined as the amount of solute in grams 


that can be dissolved in 100 g of a solvent to obtain a saturated solu- 
tion at a given temperature. 


(61) 
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A solution that contains the maximum amount of a substance 
(solute) that can be dissolved іп a given amount of the solvent at а 
specified temperature is called saturated solution. In such a solution 
the dissolved solute is in equilibrium with the solid solute. A solution, 
in which more of the solute can be dissolved at a specified tempera- 
ture is known as unsaturated solution. 


Usually, when the temperature is raised (i e. when the solution 
is heated) more solid can dissolve in water. If the temperature is 
then lowered, the extra solute will usually crystallize out of solution. 
Although the solubility of many substances in water increases with 
increasing temperature, as Fig. 32 illustrates, the solubility of some 
substances remains nearly constant or even decreases. 


Heat is the one common factor that can affect the extent of the 
solubility of solid and liquid compounds. Grinding of large crystals 
into powder and: violent stirring of the solvent during the dissolving 
process accelerate the solution process but do not increase the: 
solubility of a substance. 


32. Solubility Curve 


For any specified tempera- 
ture, the solubility of a solute in 
different solvents or of different 
solutes in a given solvent will have 
a characteristic set of values which 
change as temperature is changed. 
Ifa graph is plotted between the 
solubility of a solute in a given 
solvent and temperature data, the 
line thus obtained is known as 
solubility curve. A typical curve 
is shown in Fig. 3.1. The solubility 
curve can have various slopes and 
even shapes. The curve in Fig. 3.1 
shows an increase in solubility with 
arise in temperature. A set of i ! 
solubility curves are shown in Fig. 

3.2 for comparison. ~ TEMPERATURE— —»- 
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Fig. 3.1, Change of solubility 
with temperature 
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SOLUBIILITY( 9/1 00 g OF SOLVENT) — 


80 100 
TEMPERATURE (°C) —» 


Fig. 3.2. Solubility curves of a few common substances 
3.3 Experiments 


Experiment 3.1. To determine the solubility of a solid subs- 
tance in water at room temperature. 

Apparatus. China dish, funnel, glass rod, thermometer, 
beaker, pestle and mortar, pair of tongs, filter paper, funnel stand, 
water bath, balance, weight box, solid sample, 20 ml pipette, tripod 
Stand, etc. 

Procedure. (i) Grind about 25 g of the given solid sample in 
a clean mortar with pestle. 

У (ii) Take about 25 ml of distilled water in a 250 ml beaker and 
add to it about 5 g of powdered solid sample. Stir the contents with 
a glass rod. 

(iil) Go on adding the powdered solid sample in instalments 
(about 2 g at a time) with stirring until no more of the solute 
dissolves in water and some of it remains undissolved. 
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(v) Decant off the clear liquid or filter if the solution is not 
clear. This is the saturated solution of the sample at room tempera- 
ture. Note the temperature of the clear solution [Fig. 3.3(a)]. 


(у) Weigh an empty clean china dish and record the weighing. 


. (i) Pipette out 20 ml of this saturated solution into the 
weighed china dish and weigh it again. Record the weighing. 


(vii) Put the china dish оп a sand bath and heat the solution 
to dryness (Fig. 3.3(5)). 


(vili) Remove the burner and allow the dish to cool at room 
temperature. 


(ix) Weigh the cooled dish carefully and record the weighing. 


Observations and Calculations : 


Temperature of the saturated solution =1°C 
Mass of empty china dish =w g 
Mass of china dish+solution =w g 
Mass of china dish+residue =ws g 
Mass of solution =(we—wi)g 
Mass of solute =(ws—wi)g 
Mass of solvent —(wa—ws)g 
Solubility of solid sample in water at 1°C 

[om X 100 р per 100 grams of water 
Result. Solubility of the solid sample at 1°C is 

(ws—w1) 


X100 
(наз) в per 100 g of water 


Precautions. (i) Weighing should be done carefully to obtain 
correct results. 


(ii) While handling evaporating dish with a pair of tongs take 
care that the tip of the tongs does not touch the contents. 


(Ili) Keep the china dish with the residue in a desiccator for 
cooling. 


iv) Ensure that the residue is completely dry before weighing. 


(у) Residue in the dish should be heated, cooled and weighed 
again and again until a constant weight is obtained. 


(vi) Always use water bath or sand bath for heating purposes 
-to avoid spurting. 
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Experiment 3.2. To determine the solubility of potassium 
chloride at different temperatures and to plot the solubility curve. 

Apparatus and chemicals required. Two beakers of 
250 ml capacity, china dishes, funnel, funnel stand, filter paper, glass 
tod, water bath, pipette, pair of tongs, weight box, burner, match 
box, iron stand, wire gauze, pestle and mortar, a thermometer 
graduated to 4° centigrade, 100 ml measuring cylinder and potassium 
chloride. 

Procedure. (i) Take about 100 р of potassium chloride and 
grind it with a pestle in a clean mortar. 

. (ii) Take a clean and dried 250 ml beaker. Pour about 50 ml 
of distilled water with the help of a measuring cylinder. 

(iii) Place this beaker on a wire gauze resting on a tripod 
stand and suspend а thermometer in it graduated to 4°C, such that 
its bulb and a part of its stem is under water. [Fig. 3.3 (a)] 

(iv) Heat the water in the beaker. Now pour about 25 g of the 
powdered potassium chloride in it by means of a paper spoon. 

(v) Stir the solution well with a glass rod. 


(vi) Go on adding about 5 р of powdered potassium chloride 
ata time until no more of it dissolves at 100°C. Put off the burner. 


(vii) Now watch the fall in temperature. 


(viii) When the temperature just reaches 90°C, take out 5 ml 
ofthe solution by means ofa clean pipette and transfer it to a 
weighed china dish marked no. 1. Weigh it again and record the 
reading. 

Note. The solution should be drawn off as quickly as possible 
lest there should be a further fall in temperature and deviation in the 
result. 


(ix) Allow the main solution to cool to 80°C and immediately 
take out 5 ml of saturated solution and transfer it to another weighed 
china dish. Take out, the solution at different temperatures, say at 
an interval of 10°C in a number of. preweighed china dishes, 
labelled 2, 3, 4, 5, 6, Weigh them separately and record the readings. 

(x) Heat the solution contained in china dish 1 on a water bath 


to dry mass and cool the chi у 
the reading. china dish to room temperature. Record 


(xi) Similarly, heat the soluti i i i 
: utions contained in other china 
EE READ 2,3,4, Sand 6 on а water bath to dry mass and 
GL tis Ed tei Determine the weight of each 
readies Ontaining the dry substance and record the 


. (xii) Heat, cool and „w 
weight. 


(xiii) From the data thus obta’ 
potassium chloride at different temper 


eigh each dish until you get a constant 


ined calculate the solubility of 
atures. 
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Observations : 


Mass of empty china dish marked 1—w; g 
Mass of china dish 4-5 ml solution =we g 


Mass of china dish J-residue =w3 g 
Mass of residue =(w3—w1) g 
Mass of solution —(wa—w1)g 
Mass of solvent —(Wa—ws) g 
Temperature =90°C 


Repeat the mode of record of observations in the case of dishes 
at 80°C, 70°C, 60°C, 50°C etc. 


Calculations : 
(wa—ws) g of water dissolves (w3—wy) g solute 


100 g of water will dissolve= 09891). 
(иа из) 


X 100g solute at 
90°С. 
Proceed in а similar way with dishes marked 2, 3, 4, 5, 6, etc.. 


Record of the results : 


S. No. Amount of KCI dissolved in 100 g of Temperature 
distilled water obtained by calculation 


1 54g 90°C 
2 50 g 80°C 
3 46 g 70°C 
4 ' 42g 60°C 
5 40 g 50°C 
6 382 40°C 
7 34g 30°C 
8 21g 20°C 


Plot of a graph between temperature °C versus solubility 
(g/100 g of solvent) will give a curve as shown in Fig. 3.2 for potas- 
sium chloride. 


Experiment 3.3. To study the variation of the solubility of 
potassium nitrate with temperature and to plot the solubility curve. 


Apparatus. A boiling tube, beaker, thermometer, wire guaze, 
clamp stand, weight box, tripod stand, iron stand, glass rod, cork, 
etc, - 


Chemical. Potassium nitrate and distilled water. " 
Procedure. (i) Assemble the apparatus as shown in Fig, 34. 
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WIRE STIRRER 


паса ла. 1 2) 


i THERMOMETER 


re 


ig.3.4. A: bly for the determinati ili 
Fig. AS 4 D forte termination of solubility of 
(ii) Take 25 ml of distilled water in the boiling tube, then add 
15 g of powdered sample of potassium nitrate in it and cork it. 


(iii) Heat the contents of boiling tube with stirring i 
bath to dissolve all the potassium nitrate. Record His ieu 
Stop heating the water bath. Keep stirring the solution. Note down 
the temperature at which potassium nitrate Starts separating. Take 
the mean of these two temperature readings. | 


(iv) Now add 5 g of correctly wei i i 

"S 5 y weighed potassiu he 
boiling tube, cork it and start heating with ic nti the aol of 
potassium nitrate dissolves. Note the temperature. Stop heating 
and keep stirring the solutions. Note down the temperature at 


which potassium nitrat 
peratures. e reappears. Take the mean of two tem- 


ation with three such additi h. 
Record ie hg aN each time the salt dissolves pube sand 

So when the crystals of potassium nitrate геарреаг. Take th P ean 
of the two temperatures in each case. de RIS 
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(vi) From the data of the expetiment, calculate the amount of 
potassium nitrate dissolved in 100 g solvent at various temperatures. 


(vii) Now draw the graph between the solubility data of potas- 
sium nitrate and temperature. A graph similar to that shown in 
Fig. 3.5 will be obtained. 


Observations : = 
Amount of water taken in a boiling tube=25 ml 


(~ 1 ml of water weighs 1 g) =25 2 
пе шиша i STR en lee ee 
S.No. Amount of Amount of Temperature Temperature Mean., | 
KNO3 КМОз at which at which tempe- 
dissolved dissolved — KNOs KNO3 | rature 
in 100 g dissolves separates 
distilled completely оп cooling t°C 
water С 
1 152 60 2 
2 20g 80 g 
3 25g 100 g 
4 30g 120g 
5 35g 140g 
| 
ul 
& 
= 
и. 
о 
8 
2 
© 
> 
Е 
= у 
с 
> 
a 
о 
D 


0 10 30 50 70 90 


TEMPERATURE (°C) ——>> 


Fig. 3.5. Solubility curve of potassium nitrate. 
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Experiment 3.4. From the determination of the solubility of 
common salt in water, find out the molality of its saturated solution 
at room temperature. 


Hint. A molal solution, represented by m, is one in which 
there is aconcentration of one mole of Solute per kilorgram of 
solvent. 
moles solute 
kg solvent 


Find out the solubility of common salt at room temperature as 
suggested in experiment 3.1. Suppose this solubility is S which will 
correspond to the maximum weight of the solute in grams that will 


dissolve in 100 g of water at room temperature. Therefore, the 
molality of the saturated solution will be 


Molality= 


moles of NaCl 
= kg solvent 
S[58:5 S 1000 
— 100/1000 — 585 Х 100. 
(Molculer weight of sodium chloride— 58:5) 


Exercise 3.1. What is the molality of a solution in which 
6:20 g of NaCl(s) is dissolved in 86:0 g of water 7 


Solution. It is necessary to calculate the moles-of NaC! 
NaCl=58:5 g/mole 

1 mole 

585g 

By converting 86'0 р to 0-086 kg solvent for molality 

__ 0'106 mole solute 

-. 0:0806 kg solvent 

=1'23. 


ORAL QUESTIONS AND ANSWERS 


п=620 gx =0'106 mole 


m 


Q.3.1. Define the terms : solution, solute and solvent. 


Ans. A homogeneous mixture of two or more substances is 
called solution. The substance which dissolves or disappears into the 
solution is called solute. The other substance which dissolves the 
solute and serves as the medium in which the solute is homo- 
geneously dipersed is called the solvent. 


Q.3.2. What do you understand by the term solubility ? 


Ans. Thea mount ofa substance in grams which dissolves 
in 100 grams of a solvent to forma saturated solution at a known 
temperature is known as the solubility of the substance in that 
Solvent. 


mee ти па] EE 


О. 3.3. Define a saturated solution. 
Ans. A solution which remains in equilibrium with undissolved 


solute for any length of time at a temperature without experiencing 
апу change (decrease ог increase) in concentration. 


Q,.3.4. How will you express the solubility of a substance ? 


Weight of solute in a certain quantity 
ed. of saturated solution 
= z 100 
SOME Hey Weight of solvent in the same quan- ii 
tity of saturated solution 


О. 3.5. What is a solubility curve ? 


Ans. A graph plotted between the solubility of a solute in 
a given solvent and the temperature data is called a solubility curve. 


Q .3.6, What is the effect of temperature on the solubility of 
solid substances ? 

Ans. The solubility of solid substances, in general, increases 
with the increase of temperature. However, in some cases, the 


solubility decreases with increase of temperature (e.g. the solubility 
of №250 decreases with rise of temperature, Fig. 3.2). 


Q..3.7. What happens to the boiling point of a solvent con- 
taining some dissolved impurity ? 

Ans. The boiling point of a solvent increases in the pre- 
sence of the soluble impurities. 

Q,.3.8. What is the effect of temperature on the solubility of 
gases ? 

Ans. The solubility of gases, in general, decreases with the 
increase of temperature. 

Q,.3.9. Name the substances whose solubility is affected by 
the temperature. 

Ans. (i) The solubilities of AgNOs, KNOs & КС! increase 
rapidly with increase in temperature. 


(ii) The solubilities of CaO and KOH decrease with increase in 
temperature. 


. Q.3.10. Why does the solubility of most solids increase with 
a rise in temperature ? 


Aus. -The fact that many compounds increase in solubility 
when heated relates to the tendency toward randomness. Most 
solutions, when heated, increase their tendency toward increased 
randomness because of the energy that can be absorbed. For this 
reason, the supply of heat usually permits more of the solid to 
dissolve. 
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Ifthe dissolution of а substance is accompanied with the 
evolution of heat, the solubilit 


y decreases because of the decrease in 
randomness. 


Q . 3.11. Two flasks contain a saturated and an unsaturated 


solution of the same substance respectively. How will you determine 
which flask contains which solution ? 


Ans. A flask in which there is no undissolved salt contains 
unsaturated solution. Also it can be ascertained by adding more of 
the substance to both the flasks. If the added sample in the flask 4. 
disappears, the solution in flask A. is unsaturated. However, if the 
sample does not disappear, the solution is saturated. 


_Q.3.12. From the determina 
salt in water. Find out the molality 
temperature. 


Ans. Suppose the s 
temperature is S 27100 g of 


tion of the solubility of common 
of its saturated solution at room 


olubility ofthe common salt at room 
water. 


Molality of the saturated solution will be 


S 1000 
S&'5 X 100 


(Molecular wt. of NaCl is 58:5). 


Q.3.13. How will the solubility of NagSOq.10 H20 be 
affected by a change of temperature ? Why does the solubility curve 


Of this compound has a point of inflection and what does it 
designate 2 


Ans. At lower temperature say upto 32°5°C the solubility of 


ase in temperature and above 


2 у ‹ ity deci Increase in temperature. The 
inflection (discontinuity) is due to the change in the composition of 


Q,.3.14. State what is likel to h н 
are boiled 2 У fo happen when the followings 


(a) water cortaining dissolved air 

(5) dil. КС! solution 

(c) dil. НС! solution. 

Ans. (a) Air will evolve—it indicates air і i 
cold water than in hot water, aiT 18 more soluble in 

(b) Solubility will increase, 


(c) НСІ gas will be evolved. i 
solution than in cold solution. gases are less soluble in ar 
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Q. 3.15. What factors influence the solubility of 

(a) A solid, and 

(5) A gas in water 7 

Ans. (a) Depends upon temperature, nature of the solid and 
pressure. 

(b) Depends upon temperature, pressure and nature of the gas. 

Q. 3.16. Is there any effect of impurity on the solubility of a 
substance ? 

Ans. Solubility is affected by the presence of impurity. For 
example, the presence of hydrochloric acid reduces the solubility 
of sodium chloride, magnesium chloride, etc. 


Ф. 3.17. Does pressure affect the solubilitly of a solid ? 


Ans, Not affected appreciably by pressure. 

. 3.18. Explain why does pulverizing of a solid solute 
increase the rate of dissolution ? 

Ans. Pulverizing of a solid into powder and vigorous stirring 
of the solvent during the dissolving process increase the rate of 
solution process, but do not increase the solubility of the solute. 
These operations allow more surface of the solute to come in contact. 
with the water dipoles within a given time. 

Q. 3.19. Why does stirring increase the rate at which most 
solids dissolve ? ‹ 

Ans. See the answer of О. 3.18. 

. 3.20. What is the nature of the process of dissolving a. 
solid in solvent. 

Ans. It is a physical change. Both the solute and solvent. 
can be processed in their original forms: 


UNIT 4 


Separation and Purification of 
Solid Components 


41. Introduction 


The meaning of purity in the context of chemistry has already 
been discussed in Unit2. In that unit, the technique of crystals 
formation has also been explained. There are different methods 
which can be employed for the separation of constituents of a 
mixture. Mixture of solid components could be of two types— 
homogeneous and heterogeneous. The melting point and solubility 
are the two major properties of the components of the mixtures 
which are being made the basis of their separation. Fractional 
crystallization is one of the purification techniques which depends 


upan the different solubilities of the substances in a mixture in a 
solvent. 


To get substances pure further recrystallization is often 
necessary. Sublimation 15 another technique of purifying a mixture 
of compounds, in which one sublimes, but the other does not. These 


two processes for the separation and purification of substances are 
described below. 


4.2, Fractional Crystallization 


. Solubility curves (Unit 3) tell us about the relative solubility of 
various substances at a given temperature Say at room temperature or 
other temperatures. In separating the two components of a mixture. 
the relative difference in their solubility is exploited. Usually the 
и of the substances in a mixture аге 5 
the substances is deposited on cooling, but the compositi 
mixture will be different from that of the solution. Thins the cant 
ofa method of separation of a mixture 
crystallization. In a particular difficult 
components has been separated by this means into, say, 
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component may be purified by simple recrystallization and those 
which are not may be combined and refractionated. To get 
substances pure, further recrystallization of various crops of crystals 
including the purer crops are often necessary. This makes fractional 
crystallization a very tedious process, but it is a valuable method 
used for obtaining pure substances from mixtures. 


Factors like concentration, temperature and solvent com- 
position help in controlling the fractionation. 


Concentration. Опе can make up the initial solution in a good 
deal more than the minimum amount of boiling solvent in order to 
ensure that only a small quantity of solid separates on cooling. After 
collecting the first crop, the mother liquor can be concentrated a 
little, by evaporating off some solvent and allowed to cool and 
produce a second crop of crystals. Further crops can be obtained in 
the same way. 


Temperature. Yt can be made use of by collecting the crystals 
which separate from a solution at successively lower temperatures. 


Solvent composition. First one can start with a pure solvent and 
collect the first crop of crystals. After this, add to the mother 
liquor small quantities of a second solvent, thus altering the solvent 
composition, and collecting the crystals which separate after each 
successive addition. 


i 


In this technique the mixture (or impure product) is first 
dissolved in a small amount of hot solvent (generally one in which 
the desired product (А) is less soluble than the other (B). As the hot 
solution is allowed to cool, the product A separates form the 
mixture, leaving the substance ‘B’ behind. The quantity of product 
*A' that can be recovered in this fashion depends on the concentra- 
tion of ‘B’ and its solubility relative to that of A. 


The purification of substances by fractional crystallization is 
something of an art, which can be learned only through repeated 
practice. 


43. Sublimation 


There are some solids whose boiling points fall below their melt- 
ing points, and as they are heated, when the appropriate temperature 
is reached they change straight from the solid state into the vapour 
state. On cooling, the vapour transforms back to the solid state, 
without becoming a liquid, usually as well-formed crystals. This 
forms the basis of an excellent mean of purifying some solids, and 
is known as sublimation. This process can be used to purify a 
mixture of compounds in which one sublimes, but the other does not. 
Relatively few solids have this property of subliming. However, 
because so few solids can sublime, the probability of impurities 
subliming with the compound being purified is reduced and thus the 


- method more likely to succeed. 
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In a mixture of ammonium chloride and sodium chloride, : 
ammonium chloride is a volatile component. This mixture is taken 
in a china dish and is covered with an inverted funnel as shown in 
Fig. 4.1. The stem of the funnel is plugged with cotton wool. The 
solid deposited on the inner side of the funnel is collected. The non-- 
volatile sodium choride is left in the dish. 


FUNNEL 
NaCl CHINA 
* DISH 
NH,C| 


Fig. 41. Sublimation 


14. Experiments 


Experiment 4.1. To separate a mixture of ammonium chloride - 


and sodium bicarbonate by fractional crytallization. 


Apparatus. Beakers, funnels, glass rods, filter papers, 
evaporating dish, funnel stand, tripod stand, wire guaze, burner, 
pestle and mortar. 


. Chemicals. Mixture of ammonium chloride and Sodium 
bicarbonate. — 


Solubility Information. The separation 15 accomplished by- 


knowing the solubility of both NH4CI and NaHCO; in water, The 
literature values are as follows: - 


Substance 0°C 20°C 60°C 100°C 
МНАС] 29.3 37.2 55.2 77.3 
NaHCOs 6.9 9.0 16.4 


In case the solubility data is not available, the solubility of the - 


components of the mixture is determined (Unit 3) in water at different 
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Procedure. (i) Put 15 2 of the mixture of ammonium chloride 
and sodium bicarbonate in a small amount of water, say 25 ml, 
contained in a beaker. 


(ii) Now heat the contents with stirring say upto 60°C. 


(ii) When the solution is clear, add more of the mixture, 
while the contents are still being heated. Continue to add more 
ofthe mixture until no more mixture dissolves say at 60°C. Now 
heat the contents until the solution becomes clear. Filter hot. 


(iv) As the hot solution is allowed to cool, the pure product, 
sodium bicarbonate starts separating from the mixture, leaving 
ammonium chloride behind. Keep collecting the samples at different 
temperatures say at 50°, 40°, 35°, 30°, 259, 20°C. The first two 
samples are likely to berichin NaHCOs;the last two samples 
are likely to be rich in МНАСІ; and the samples collected at 30°C 
and 35?C are expected to contain mixture of varying composition. 

(у) Now purify the first two and the last two samples by 
recrystallization. Міх up the remaining two samples and repeat the 
process of fractional crystallization. 


(vi) Finally collect the crystals of sodium bicarbonate and 


.ammonium chloride and dry them. 


Results. Yield of each component=..... 

Percentage yield of each component=...... 

Precautions. Same as in Experiment 2.1 (Unit 2). 

Note. Itis desired to have the necessary solubility data of the 


components of the mixture. 


Experiment 4.2. To separate the mixture of alum say 


ypotash alum and copper sulphate by fractional crystallization. 


Apparatus. Same as in Experiment 4.1. 

Chemicals. A mixture of potash alum and copper sulphate. 

Solubility Information. Alums are double salts and in solu- 
*ion potash alum is indistinguishable from a mixture of potassium 
:and aluminium sulphates, i.e., it contains potassium ions, aluminium 
jions, and sulphate ions, just as a mixture of the individual salts 
would do. 

Solubility taken from the literature is as follows : 


Compound 0°C 20°C 60°C 100°C 
Copper sulphate 143 207 40:0 754 
Potash Alum 57 10:0 20:0 


Procedure. The procedure followed is the same as in Experi- 
ment 4.1. 

As the hot solution is allowed to cool, the pure product, potash 
‘alum starts separating from the mixture, leaving copper sulphate 
still in the solution. Collect the samples at different temperatures say 
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at 50°, 40°, 35°, 30°, 25°, 20°C and purify them by simple crystalliza- 
tion as suggested in Unit 2. 


Result. Yield of each component=...... 
Percentage yield of each component— ...... 
Precautions. Same as in Experiment 2.1 (Unit 2). 


Experiment 43. To separate a mixture of naphthalene and 
common salt. 


Apparatus. Funnel, sand bath, water bath, china dish, 
tripod stand, burner. 


Chemical Mixture of naphthalene and common salt. 


Procedure. (i) Take ~!0g mixture of naphthalene and 
common salt in a china dish. 


(ii) Put the china dish on a sand bath and cover it with an 
inverted funnel as shown in Fig. 4.1. Plug it with cotton wool. 


(iii) Now start heating the contents in the china dish. After 
а while, dense white fumes will start forming in the china dish, 


ORAL QUESTIONS AND ANSWERS 
Q. 41. What is fractional crystallization ? 
Ans. See Section 4.2 of this unit. 
Q.42. What is sublimation ? 
Ans. Sce Section 4.3 of this unit. 
Q. 43. State the principle involved in the 


,. 4 fractional 
crystallization. 

Ans. See Section 4,2 of this unit. 

Q. 44. How is vapour pressure of solids related with the 
phenomenon of sublimation ? 

Ans. A solid exerts a vapour pressure, although this үа our 
pressure is often very small ђе i 


Q. 45. Describe how you would obtain 
(i) ammonium с] 


hloride from a mixture of ammonium chloride 
and common salt, and 


(ii) Todine from a mixture of iodine 
Ans. (i) By sublimation 
(ii) By sublimation. 


and sulphur ? 


UNIT 5 


Thermochemistry 


5.1. Introduction 


Almost all chemical reactions occur with either an absorption 
or а release of energy, depending on whether the energy stored in the 
products is greater or less than the energy stored in the reactants. 
The energy stored in chemical substances is called chemical energy. 
In turn, chemical energy is the energy associated with the breaking 
and formation of chemical bonds in a chemical reaction. 


The energy released or absorbed in chemical reactions is usually 
observed in the form of heat but very occasionally as light and 
electrical energy. In fact, whenever a chemical reaction takes place 
either chemical energy is converted into heat energy, or heat energy 
is converted into chemical energy. 


It is important to have quantitative information about the 
energy changes involved in chemical reactions. The study of these 
heat changes is called thermochemistry. If, when a chemical reaction 
occurs, heat is evolved then the reaction is said to be exothermic. ТЕ 
when the chemical reaction occurs, heat is absorbed then the reaction 
is said to be endothermic. 


+ 2Н1 (2) product 

| А 
Energy | У 
content of | 22 Heat absorbed=52.2 kJ 
system (H) | 7 

| = Ha(g)+I2(g) reactants 

Endothermic reaction 

! = CHa(g)+202(g) reactants 
Energy | Sd 
content of | X 
system (Н) | K 

| 


X CO»(g)--2Hs0(I) product 
Exothermic reaction 


(79) 
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52. Heat Changes in Chemical Reactions and their Measure- 
ment 


Heat is energy that is transferred as the result of a temperature 
difference. Heat is always given by a warmer object to a colder 
object. At the molecular level, molecules of the warmer object collide 
with those of colder object. During the course of collision, the mole- 
cules of the warmer object, which have a higher kinetic energy, lose 
Kinetic energy to those of colder object. Heat flows between the 
two objects until they reach the equilibrium temperature. 


The heat required to raise the’ temperature of an object or of a 
given amount of a substance 
by 1 kelvin is called the heat THERMOMETER 
capacity of the object or of 
the particular amount of subs- 
tance. The heat required to CORRUGATED 
raise the temperature of 1 CARD. 
mole of a substance by 1 kelvin BOARC 
isthe molar heat capacity of 
the substance. 4°18 joules are 
needed to raise the tempera- 
ture of 1g of water by 1 
kelvin, hence 4°18 joules are 
equal to one calorie. The 
joule is such a small amount туо 250 ml 
of energy that itis often con- PLASTIC CUPS 
venient to use kilojoules NESTED 
(symbol kJ). The molar heat TOGETHER 
capacity of water is 75:4 JK^1 
mol}. 

For finding out the 
amount of heat evolved or 
absorbed in a process, we have 
to measure the change in tem- , 
perature of the reacting system 8" 5-1. A simple calorimeter—Two 
or substances. For this thermo- Plastic cups nested together 
meter with least count of 0.1 degree should be used. | 


STIRRER 


Heat evolved in a process is given by— 


Rise in temperature X Mass i 
pet. of the system X Specific heat of the 


, The measurement of the heat absorbed or evo i i 
reactions is called calorimeiry, after caloric, the еа аша 
Тһе аррага 5 used for the measurement is known as calorimeter. 
It can be of various shapes. A very simple calorimeter used b y 
students for rough measurement is shown in Fig 5.1. In th puo 
chemistry Dewar flasks and thermos flasks (Fig. 5.2) are used 3 This 
type of calorimeter is suitable for making accurate measurements on 


> 
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reactions occurring in solution. Sometimes a reaction is carried out 
in a beaker placed in a thermally insulated box (Fig. 5.3). 


5.3. Heat of Neutralization 


The heat of neutralization of an acid with an alkali is the heat 
change which takes place when an acid is neutralized by an alkali. 
The reaction is carried out in dilute aqueous solution. It is the 
quantity of heat evolved when 1 mole of H* ions (i e. 1 2) reacts with 
1 mole of ОНГ ions (i.e., 17 g), to form 1 mole of water (i.e. 18 g). 


THERMOMETER 
STIRRER 


RUBBER BUNG 


Fig. 5.2. А calorimeter—Vacuum flask Fig. 5.3. A simple calorimeter— 
A beaker placed in a 
thermally insulated box 
Strong acids and alkalis are completely ionized in aqueous 

solution, so the reaction between any strong acid and any strong 

alkali is effectively the reaction between aqueous hydrogen and 

hydroxyl ions. 

H*(s)-+Cl-(aq)++Na*(aq)-+ OH-(ag)—-NaCl(ag) --HaO(1)--57.3 kJ 

or H*(ag)d- OH-(aq)—-H30(1)4-57.3 kJ 


This is established by the fact that the heat of neutralization of 
any strong acid by any strong alkali is approximately constant at 
298 К, i.e. AH (298 K)— —57.3 kJ mol-l. If a weak acid or alkali 
is used orif both are weak, then the heat of neutralization differs 
significantly from the value given above. This is because weak 
acids and alkalis ionize only slightly in aqueous solution. 
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The following exercises will make the definition more clear. 
Exercise 5.1. What would be the amount of heat released 


when 0:25 mole of НСІ ір solution is neutralized by 0:25 mole of 
NaOH solution ? 


Solution. 025 mole НСІ (aq)+-0'25 mole NaOH (aq) 
The net reaction is 


Н+ (0:25 mole)+OH™ (0°25 mole)— — water formed (0°25 mole) 
Therefore, heat released would be 57:3 х 0:25 kJ 
=14315 kJ 

Exercise 5.2. What would be the amount of heat released 
when 0°5 mole of nitric acid solution is mixed with 0:2 mole of KOH 
solution ? 

Solution. In this case the net reaction is, 

0:2 mole H*4-0:2 mole OH- —— 0:2 mole of water 

0:3 mole of H* of nitric acid remains unreacted 


Therefore, heat evolved would be 57:3 x 0:2 kJ 
—1146 kJ 
=115 kJ 
Exercise 5.3. What would be the amount of heat released 
when 200 ml of 0°2М НСІ solution mixed with 300 ml of 0'1M 
NaOH solution 7 


Solution. 200 ml of 02M НСІ solution gives 
200 x 0° 
02.004 mole of H+ 


Similarly 300 ml of 0*"1M NaOH solution gives 
300 x 0'1 2 
—1000 ^ 903 mole of OH- 


The net reaction is : 


0:03 mole of H*4-0:03 mole of OH-—0:03 mole of water 
Therefore heat released would be 0:03 x 57:3 kJ 


=1°719 kJ 
=172 k] 
Exercise 5.4. What would be the amount of heat released 


when 400 ml of 02M. Н2504 is mixed with 600 ml of 0. 1M NaOH 
solution ? 


(| 
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Solution. 400 ml of 0°2M H2SO4 gives 
_ 2x02x 400 
mi 1000 


—0:16 mole of Ht 


~ = 600 x 0:1 
600 ml of 01M NaOH gives —1000 > 


mole of H* 


=0 06 mole of OH- 


The net reaction is : 
0:06 mole of H*--0:06 mole of OH- —0'06 mole of water 
Therefore, the heat released would be 0:06 х 57:3 
—3:438 kJ 
Exercise 5.5. Assuming the specific heat of water as 42 
ЈК“1р“1 and ignoring the heat absorbed by container, thermometer, 


stirrer, etc. what would be the rise in temperature of the solution in 
exercise 5.3. 


Solution. As given in exercise 5.3, approximate mass of 
solution is 


200 g4-300 g—500 g 


.. Heat evolved—mass of solution X sp. heat of solution x rise 
in temperature 1:72 х 1000 J— 500 x 4:2 x 1? 


1°72 x 1000 
500 x 4°2 
—0:82K 


or Rise in temp. (t)= 


Experiment 5.1. To determine the heat of neutralization of 
hydrochloric acid and sodium hydroxide using а beaker as calori- 
meter. 

Apparatus. Beakers, thermometers, stirrer, tripod stand, 
wire guaze, burner, etc. 

Chemical. Molar solutions of HCl and NaOH. 


Measurement. It involves two steps : (I) The water equiva- 
lent (heat capacity) of the beaker (calorimeter) is found. А known 
mass of water at a known temperature is poured into the calorimeter 
and the temperature rise is noted. (II) А neutralization reaction is 
carried out in the calorimeter. Known volumes of standard acid and 
alkali are added (о the calorimeter, and the rise in temperature is 
noted. 

Water equivalent of a calorimeter is the amount of heat 
required to raise the temperature of the calorimeter by 1°C. (1 kelvin). 
In case of a glass vessel, the water equivalent value is found for such 
part of the vessel as is actually in contact with the reacting system. 
In this case, the usual method of obtaining the water equivalent by 
multiplying together the mass and specific heat of the material of 
the vessel is not practicable. The water equivalent of a glass vessel 
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3 ~ Se iment t9 
i nd by carrying outan experiment similar to the experimen 
ee ond later in the vessels. As faras possible equal volumes 


are used sothat surface area of calorimeter in contact with the 
system do not change. 


Step І. Determination of water equivalent cfa calori- 
meter (beaker). 


i in Fig. 5.3. Put 
Procedure. (i) Set up the apparatus shown in Fig 
250 ml beaker in the thermally insulated box so that the beaker 
neither loses nor gains heat from the atmosphere. 


Wait until the beaker attains the room temperature. Record 
this temperature. 


Take 100 ml of distilled water in it. 


(ii) Measure another 100 ml of distilled water in another 
250 ml beaker. Cover it with a watch glass and heat. 
When the temperature of water is raised by 15°С above the 


room temperature, stop heating and note the temperature of the hot 


water and pour this hot water quickly in the beaker kept into the 
thermally insulated box. 


(ili) Stir the mixture 


gently and note the final temperature of 
the mixture. 


Step П. Determination of heat of neutralization, Take 
100 ml of 1 M hydrochloric acid in a calorimeter (for which water 
equivalent has been determined). Note the temperature of the acid 


when it becomes steady. Add 100 ml of 1M sodium hydroxide (at 
the same temperature) to it. Stir the mixture well and note the final 
temperature. 


Precautions : à 
(i) Temperature should be noted correctly. 
(ii) While stirring liquid should Not spurt. 


(iii) The calorimeter should be insulated as perfectly as Possible 
(Fig. 5.3). 


(iv) The two thermometers used for two solutions should be 
compared before use, 


Observations : 


Mass of cold water taken =100 g 
Temperature of cold water == °C 
Mass of hot water 


=100 5 
Temperature of hot water =t °C 
Temperature of the mixture =tn°C 


Temperature of acid or alkali solution =e 
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Temperature-after mixing acid and alkali solutions=fe° C 


Mass of acid or alkali solution =100 р 
Heat capacity of water =418Ј 
Calculations : 


(1) Calculation of water equivalent of calorimeter 
Let the water equivalent of calorimeter (beaker) be W g. 


Heat lost by hot water=m x sx 6 
т==100 g 
5=4'18 J for water 
O= (15—tm) 
Heat lost by hot water—100(t5— t5) Х 418 J/deg 
Heat gained by calorimeter (beaker)--cold water 
—[W(tm—tc) + 100 (15 — £c) 418] J/deg 
Heat gained— Heat lost 
W(tm—tc)-4- 100(15,—1:)4:18— 100(15—15) X 418 
(W+ 100 x 4:18)(t5 —1;) — 100(15—t5) X 418 
100(74,— t5) X 418 
(£m—tc) 


w=( 100 хала Utm. 00x 4.18) I/deg 
ÍIm— te 


(W 4-100 4:18)== 


(2) Calculation of heat of neutralization 


Rise in temperature of alkali or acid solution after mixing the 
two 


=(te—t1)°C 
Heat evolved when the two solutions are mixed 
=Heat gained by calorimeter--Heat gained by solution 
Q=(W(te—t1)+200(te—11) X 418] J 
=[(W+200 x 4:18)(t3—11) J 
Here the specific heats of acid and alkali solutions are taken as 
that of water. Influences of increased density and decreased specific 
heat almost cancel each other. 
Further by calculating the amount of water formed, the standard 
heat of neutralization can be expressed in terms of kJ mol 1. 
. 1001 
Now in 100 ml 1M НСІ there is nx mole НСІ 
: =0'1 mole НСІ 
(in a similar way, there is 0'1 mole NaOH) 
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The equation for the neutralization is, 

HCl(ag)2- NaOH(aq) ——> NaCl(ag)--HasO(I) 
Accordingly, one mole of HCI produces one mole of water, 
Thus 0:1 mole НСІ will produce 0:1 mole of water. 


The amount of heat evolved in producing 0:1 mole of water 
is x7. 


-. 1 mole of water will be produced with the evolution of 


x 
OT J heat energy 
x x 
ps залута 4 
07151000 КУ 100 


*For approximate calculations, water equivalent of the calorimeter 
may be neglected. 


Result. The value of heat of neutralization is у kJ тога, 


5.4. Heat of Solution 


Energy is usually evolved or absorbed when a substance dis- 


solves in water (or solvent). This heat change is called the heat of 
solution and it is the quantity of heat evolved or absorbed when 
1 mole ofa substance is dissolved in sufficient water (or an infinite 
amount of solvent) so that no further heat change occurs on dilution. 


There are several reasons why heat changes occur when a 
substance dissolves. When an ionic solid dissolves in a solvent, two 
enthalpy terms are involved. 


1. The ions must be separated from the ionic lattice, To do this, 


the energy required is the lattice dissociation energy. This is an 
endothermic process, 


2. The Separate ions interact with the molecules of the solvent. 
If the solvent is polar, a charged ion can be attracted to one end of a 
polar solvent molecule ie. when it dissolves in solvent become 
solvated. Solvation (or hydration) liberates energy. The ener: 
released compensates for the energy required to dissociate the lattice. 


AHsotution = Дате dissociation + AU sotvation 
(or Dissolution) (a positive quantity) (a negative quantity) 


_ If AHaissomtion is negative, dissolution is favo 
considerations. If A Hdissotuon is positive, dissoluti 
endothermically if it is favoured by entrop 


ured by enthalpy 
ution may still occur 
у considerations, 

Consider the dissolution of so 


5 dium hydroxide, ammonium 
nitrate and sodium chloride in water. 4 


EL a 


ww 
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The dissolution of NaOH in water is exothermic because the 
hydration energy exceeds the energy of lattice dissociation. 
NaOH(s)--HaO(l) —> Na*(ag)-- OH- (aq) 


The dissolution of NH4NOs in water is endothermic because 
the energy required to separate the ammonium ions and nitrate ions 
in solid is far greater than the hydration energy. 


NH4NOz(s)+H20(1) —— NHa*(aq)4-NOs-(aq) 


The dissolution of sodium chloride is said to be thermoneutral. 
This is because the energy required to break up the solid NaCl into 
ions is balanced almost exactly by the energy released by water 
molecules attracting themselves to the sodium ions. 


Experiment 5.2. To determine the heat of solution of 
anhydrous and hydrated calcium chloride. 


Apparatus. As given in Experiment 5.1. 
Chemical. Anhydrous and hydrated calcium chloride. 


Procedure. Set up the apparatus shown in Fig. 5.2. Pour 50 ml 
of distilled water into the beaker. After sometime take its temperature 
when steady. Add a weighed mass of about 1 g of anhydrous calcium 
chloride. Stir the solution well and read the maximum temperature 
that the solution attains. 


Repeat the experiment with a weighed mass of about 2 g of 
hydrated calcium chloride. 


Observations. Initial рате of water=11°C 
Final temperature of water or (solution)=f2°C 
Mass of anhydrous calcium chloride used =1 g=wig 

Calculations. Total mass of solution=(50+-4) g 


Assuming that, as for water, 4°18 J are required to raise the 
temperature of 1 g of solution by 1°C. 


Let the water equivalent of calorimeter be W. 
Rise in temperature =(te—t1)=t°C 
Heat gained by calorimeter—W x t J/deg. 
Heat gained by solution ^ —(50--w1) x tx 418 J 
Total heat change of the solution 
Q-—[V x t)4-(502-w1) x £x 418)] J 
=xJ 
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Heat liberated by 1 mole of (111 g) of CaCl. 
=e B or 71 kJ mol (experimental value) 

Result. AH (of solution)=—7] ky mol1 

Remarks. 1. The negative heat 
1 tha 


t the energy of hydration for Са?+ ions 
exceeds the energy used in Separating the ca 


perature falls. The 
dothermic process. 


ORAL QUESTIONS AND ANSWERS 


Q.5.1. What do you understand by calorific value of a 
substance ? 


Ans. It is defined as the amount of heat produced іп calories 
when one gram of the substance is completely burnt, It may also 
be defined as the amount of heat produced 


in kilocalories when one 
kilogram of the substance is completely burnt. 


Q.5.2. What is the importance of the knowledge of calorific 
value ? 


Ans. The knowledge of calorific value is very helpful in rating 
different fuels, For example, calorific value of wood is 4000 calories 
ог 4 kcal per gram While that of charcoal is 8000 calories or 8 k cal 
per gram. Thus, charcoal is a better fuel as compared to wood. 


Q.5.3. Define calorie. 


Ans. The amount of heat ге 
of І gram of water through 1°C (14:5 


Q.5.4. Which of the follo 


Wood, kerosene oil, bursha 


quired to raise the temperature 
to 15°5°C) is known as calorie. 


wings is the best fuel and why ? 


пе gas and charcoal 


Ans. Burshane gas is the best fuel, 


as its calorific value is 
higher than that of the three other fuels. 


Q.5.5. What are endothermic Teactions 7 
Ans. The reactions which proceed with th 
heat are termed as endothermic reactions, Example 
2М0+0; —— 2NOs—heat 


In this reaction, heat is Supplied to the System, hence AH is 
T ve. 


€ absorption of 


— -o 
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Q,.5.6. What are exothermic reactions 7 
Ans. The reactions which proceed with the evolution of heat 
are termed as exothermic reactions. Example : 
Ne+3He —— 2NHs-+t heat 
“In this reaction, heat is lost by the system, hence AH is —ve. 
Q.5.7. Define chemical energy. - 


Ans. The energy stored in chemical substances is called: 
chemical energy. 


Q.58. Give the various energy units. 
Ans. Eenergy is measured in joules (symbol J). 


A joule is defined as the quantity of energy transferred when a 
force of 1 Newton acts through a distance of 1 meter. A joule is 
also equal to the energy change when 1 coulomb of electricity flows 
through a potential difference of 1 volt or when 1 watt of electrical 
power flows for 1 second. Heat energy is also measured in calories. 
A calorie is the quantity of heat required to raise the temperature of 
Ig of water by 1°C (1 kelvin). 4:18 joules are needed to raise the 
temperature of 1 g of water by 1°C, hence, 4°18 joules are equal to- 
lcalorie. The joule is such a small amount of energy that it is 
often convenient to use kilojoules (symbol kJ ; 1000 J—1 k7) 


Q,,5.9. Define heat capacity and molar heat capacity. 
Ans. See Section 5.2. 


Q.5,10. Define the following : 

mole, molar mass and molarity. 

Ans. Mole. A mole is the amount of substance that contains 
as many elementary entities (e.g. atoms, molecules, empirical formula 
units) as there are atoms in 0:012 kg (12 g) of C-12. 

1 mole— 6:022 x 10?3 entities. 

Molar mass. It is the mass of 1 mole of a substance. 

Molarity. It is the concentration of a solute in solution 
expressed in moles per litre (M—mol L 1). 

Q.5.11. What is a calorimeter 7 

Ans. It is a device used to measure the quantity of heat 
absorbed or evolved during a chemical reaction or a physical change. 

Q.5.12. Why are metallic calorimeters not used in thermo- 


chemical experiments ? : 
Ans. Metallic calorimeters are not used as the chemical 
Substances used in the experiments may react with them. 


Q.5.13. Define heat of ueutralization. 
Ans. See Section 5.3. 


с. 574. Define the term ‘water equivalent of a calorimeter.’ 


Ams. Water equivalent of a calorimeter may be defined as the 
amount of heat required to raise the temperature of calorimeter 
through 1°C or 1 kelvin. 


Q.5.15. Why is the heat of neutralization for weak acid or 
alkali, different from strong acid or alkali ? 


Ans. This is because weak acids or alkalis are only slightly 
ionized in aqueous solution and energy is used up as they ionize 
before neutralization. Although the numerical value is generally 


less than —57°3 kJ (for strong acid and alkali), in some cases it can 
be greater. . 


0.5.16. Give а few examples of weak acids or alkalis where 
the heat of neutralization is greater/less than — 57:3 kJ. 


Ans. 


1. NHaOH(ag)--HCl(ag) —-> NH4*(ag)+Ci-(aq)+ H200) | 
AH(298 К)= —51:4 kJ mol 1 


2. CHsCOOH(aq)+-NaOH(aq) 


— — CHaCOO-(aq)-- Na*(ag)-- HaO(I) 
| AH(298 K)— —552 kJ тог 
3.  HF(ag)--NaOH(aq) —— NaF(aq)-- HaO(l) 
AH(298 К)=—68:6 kJ mort 


Q.5.17. Define heat of solution 7 
Ans. Sce section 5.4. 


Q.5.18. ‘Water is considered to be a good solvent’. 
Comment. 


Ans. 


y Аз water molecules have large dipoles, strong inter- 
actions are p 


a ossible between the polar water molecules and solute 
ions. These strong interactions result in a high negative heat of 
solvation, which makes water a good solvent. Non-polar solvents 
such as hydro-carbons, do not dissolve ionic substances because there 


is no negative heat of solvation to compensate for the positive lattice 
dissociation enthalpy. 


UNIT 6 


Electrochemical Cells and Electroplating 


61. Introduction 


Electrochemistry is that branch of chemistry which deals with 
the relationship between chemical energy and electrical energy and 
how one is converted into another. Electrochemistry may be sub- 
divided in two general areas which are essentially the inverse of each 
other although governed by common principles. The first involves 
the study of the methods, principles and reactions used in trans- 
forming electrical energy into some specific chemical changes. The 
second involves the study of methods, principles and reactions used 
in transforming chemical changes into electrical energy. The first, of 
these two, is called ‘electrolysis’ and the second is named as ‘electro- 
motive chemistry’. The cells used for electrolysis are called ‘electro- 
lytic cells’ while cells used in electromotive chemistry are called 
‘electrochemical cells’ (galvanic or voltaic cells). Primarily both 
electrolytic or electrochemical cells involve transport of electrical 
“charge through chemical systems. For many chemical reactions the 
fundamental change that occurs can be described in terms of the 
transfer of electrons, i.e., oxidation-reduction. 


To understand this, consider a reaction between a piece of zinc 
and a solution of copper sulphate. The zinc soon becomes coated 
with a reddish deposit of metallic copper, and the blue colour of the 
solution begins to fade. If enough zinc is present and enough time 
allowed, the solution eventually becomes colourless. These changes 
result from a reaction in which electrons are transferred from zinc to 
copper, each Cu?* ion deposited as metallic copper takes two 


electrons from a zinc atom which dissolves as zinc o ; PER 
y^ Cu?* —-» Zn®+(aq) + 5 
ie) a uU) (Colourless) (Red) 


inc i idi 2+ is reduced to 
Here zinc is oxidized to Zn?*(ag) and Cu?* (aq) i 

-copper metal. This reaction can be used as the basis of an electro- 
chemical cell to produce an electric current. 


6.2. Cell Potential veo 
ic current produced by an electrochemical celi (Fig. 
6.1) раба of бан being pushed out of the zine electrode 


(91) 
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around the external circuit to the copper electrode where they are 


used up. When an electric current flows between two electrodes, we: 


say thatthere is a potential difference between the two electrodes. 
The current flows from the higher potential to the lower potential. 
This potential difference is measured in volts and is often called the 


voltage of the cell. The potential between the electrodes of an electro-- 


chemical cellis called the cell potential, E-en. If no current is taken 
from the cell the potential difference between the electrodes will be 
maximum and will be equalto the potential of the cell (emf). The 
cell potential depends upon the concentrations of the solutions in 
the cell, the temperature, and the partial pressures of any gases that 
might be involved in the cell reactions. When the effective con- 
centrations for the solutions are 1ML~4, all partial pressures of gases 
arel atm and the temperature is 298 K, the cell potential (emf) 


is called the standard emf (cell potential) of the cell and is given 
the symbol Ес, у. 


FLOW OF CONVENTIONAL (POSITIVE) ELECTRICITY 
P — — — — —— 


e VOLTMETER 


POSITIVE 
ELECTRODE 


ANODIC. 


CATHODIC 
OXIDATION 


REDUCTION 


POROUS BARRIER 
Zn (SheZn* (aq) +2 e- 


Cu?+ (ад) + 2e. Cu (s) 


Differences in electrical potential between pai 
2 Í ca | Pairs of electrodes can. 
be determined with precision, Single electrode potentials, è 


other hand, cannot be determined at all because for a couple in 
isolation a reversible equilibrium exists. However, ifan electrode 
with some arbitrary value is chosen as reference electrode (standard). 
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then precise relative potentials can be determined for other electrodes 
by comparison with this reference. 


The emf of any cell is the algebraic sum of the oxidation 
standard potential of the species being oxidized in the cell reaction 
and the standard reduction potential of the species being reduced. 
Hence, the emf of a galvanic cell, Еп can be readily found from 
the reduction half-cell potentials using the relationship (usual 
notations for representing a cell has been used). 


Ecen= Engu — Вил= ECu— EZn 


Ву convention, the emf, E, is taken to act from left to right 
through the cell. A positive emf indicates that electrons are flowing 
from left to right through the external circuit (in Fig. 6.1, from Zn 
to Cu). The flow of conventional electricity (positive electricity) is 
therefore from right to left through the external circuit (from Cu to 
Zn in Fig. 6.1) 


6.3. Electrolysis 

Electricity involves flow of electrons through metals and move- 
ment of ions through solutions. Some substances dissolve in water 
and split into ions. These substances аге called electrolytes. Ions 
are charged particles and possess certain electrical properties. The 
positively charged ions are known as cations and negatively charged 
ions are known as anions. When electric current is passed through 
an acidified solution of copper (П) chloride, CuCls, copper ions 
(Cu?*) are attracted towards one electrode (cathode) and chloride 


BATTERY SWITCH 


+o 


CATHODE 
Б ANODE 


ELECTROLYTE 


ANION CATION 


Fig. 6.2. An electrolytic cell. Electrolysis of cupric 
chloride solution. 
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ions (Cl-) are attracted towards the other (anode). The process im 
which a chemical change is caused by passing an electric current 
through an electrolyte is known as electrolysis. The cell in which 
electrolysis is carried out is known as an electrolytic cell. The 
reactions that occur at the electrodes are oxidation-reduction 
reactions. In the electrolysis of CuCle(aq) (Fig. 6.2), copper deposits: 
at the cathode because the Cu?* ions attract electrons and are 
reduced. 


At the cathode : 
Curt E26  —-> Cu(s) (Reduction) 
Simultaneously, the chloride ions move towards anode where 


two chloride ions lose two electrons and thereby are oxidized forming 
a molecule of Clo(g). 


At the anode : 
227 —— Cle(g)+2e7 (Oxidation) 


The net equation of an oxidation-reduction process occurring 
in an electrolytic cell is obtained by adding the reactions taking place: 
at the electrodes. 


Cathodic reaction: —Cu?*t--2e- —-» Cu(s) 


Anodic reaction : 207 —- Cle(g)4-2e- 
па о ает П алаа "n EI REEL А 
The net equation : Cu?*t4-2CI- —+ Clo(g)+Cu(s) 


In the electrolysis of molten sodium chloride, sodium metal andi 
chlorine gas are produced. 


At the cathode : 2Na --22" —— 2Na(s) (Reduction) 
At the anode : 227 —— Cla(g)+2e- (Oxidation) 


The net equation:  2Ма++207 —-> 2Na(s)+Cls(g) 


6.4. Simple Voltaic Cell 


It consists of a glass vessel containing dilute sul huric acid. 

acid; 

and two electrodes one of copper and the other of end вене 

in it. The copper is unaffected but the zinc begins to react and 
hydrogen gas bubbles are formed on it. 


21 +82804 —— Zn$O44- H» 
or Zn+2Ht —— Zn?t-- Ho 


Here the zinc is losing electrons and forming ion ix 
and the hydrogen ions from the acid are OA а аы з ) 
hie cen Gee АГ The acceptance of electro 
(from Zn) by-H* ions (from acid) to give hydrogen gas is known 
local action, and can be supressed by rubbing a little mercury on the 
zinc plate. : 
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If now the treated zinc plate and the copper plate аге connect- 
ed by a wire through a voltmeter, as in Fig. 6.3, the voltmeter 
registers a voltage, the zinc begins to react and bubbles of hydrogen 
begin to accumulate on the copper electrode. 


Ta VOLTMETER 
AN) 
Я ELECTRON FLOW 
ZINC ANODE — i COPPER 


CATHODE 


DILUTE 
SULPHURIC 
ACID 


Fig. 6.3. A simple voltaic cell. 


This is because electrons are now able to flow from the zinc 
electrode through the wire to the copper electrode, where they are 
used in converting hydrogen ions into hydrogen gas. 

6.5. Daniel Cell 


t The Daniel cell utilizes zinc and. copper in solutions of their 
ions as shown in Fig. 6.4. The emf of the cell is 171 y. 


It consists of a copper vessel which has been divided into two 
parts by a circular porous pot. Anode made of zinc is immersed into 


-Za ROD (АМООЕ) 
=) = POROUS РОТ 

|- Си SO, SOLUTION 
Zn SO, SOLUTION 


L (CATHODE) 
=} CuSO, CRYSTALS * 


Fig. 6.4. Daniel Cell 
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71504 contained in a porous pot. The pot is surrounded by copper. 
sulphate solution (Fig. 6.4). Copper vessel works as cathode. Zinc 
has a greater tendency to lose electrons than copper. If the 
electrodes are connected together through a voltmeter then electrons 
released by zinc atoms flow through the wire to the copper and zinc 
passes into solution as ions. 


At anode Zn —— Zn?t--2e- 


Electrons accumulate on the copper and react with Cu?* ions 
from the solution. 


At cathode Cu**--2e- —- Cu 


The total reaction which occurs in this cell is that which occurs 
when zinc is placed in copper sulphate solution. 


Cu?t--Zn —-> Zn2++Cu 


The difference is that in the cell the electrons from the zinc 


reach the copper through the external circuit thereby causing an 
electric current to flow. 


" pxperiment 6.1. То set up a simple voltaic cell and measure 
its emf. 


e POROUS POT 


Fig. 6.5. Assembling an electro-chemi 


cal cell (Voltaic cell) 
using a porous pot. 


-the acid (or electrolytes.) 
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Apparatus. A beaker of 250 ml capacity, a porous pot, an 


amalgamated zinc.strip ог rod, a copper strip or rod, connecting 


wires, a voltmeter, etc. 
Chemical. Dilute sulphuric acid. 
Procedure. (i) Take a beaker of 250 ml capacity and fill it 
with 100 ml dilute sulphuric acid. Now immerse a strip of copper 
іп it. Connect it with the positive terminal of the voltmeter. 
(ii) Take a porous pot and fill it with 100 ml of sulphuric acid. 
Now immerse а strip o 1 Bur] 
zinc in it. Connect it with the ig. f? 
negative terminal of the volt- 


meter. D 
(iii) Note the voltage 7 BN 
reading (Fig. 6.5). у 
(у) Now place the NN A y 
| porous pot in the beaker Wey 
(Fig. 6.6). Note the voltage i 


reading. 


Precautions. (i) The 
-strips should be cleaned 
properly by rubbing them with 
sand paper before dipping into 


(ii) Porous pot should 
be washed thoroughly Бу 
throwing water into it by 


"force. 
(iil) The ends of the con- 
necting wires should be cleaned POROUS POT 
by sand paper. a 
ig. 6.6. Measurement of emf of 
Result. The emf of the a simple Voltaic cell. 


simple voltaic cell is ...... V. 

Note. (In this case you will observe that the emf of the cell 
falls with time). 

Experiment 6.2. To set up a Daniel cell and measure its emf. 

Apparatus. А copper container of 250 ml capacity, a porous 
pot, a zinc strip or rod, a voltmeter, connecting wires, etc. 

Chemical. Saturated solution of copper sulphate, copper 
sulphate crystals zinc sulphate solution. 

Procedure. (i) Take a copper container of about 250 ml 
capacity. Fill it with saturated solution of CuSO4. Connect the con- 
tainer with the positive terminal of the voltmeter. 

(ii) Take a porous pot and fill it with à solution of zinc 


"sulphate. Put zinc strip in it. Connect it with the negative terminal of 


the voltmeter. 
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(iii) Note the voltage reading at this stage. 


(iv) Now put the porous pot with its contents in the copper 
vessel. Note the voltage reading. : 


Precautions. Same as in Experiment 6.1. 
Result. The emf of the Daniel cell is ...... V. 


Note. (In this case you will observe that the emf of the cell 
remains constant). 


6.6. Electroplating 


Electrolysis is used in the production of certain metals and non- 
metals, purification of metals (electrorefining) and in electroplating. 


Electroplating is an important techinque and is the art of 
depositing a superior metal (one which is not easily attacked by the 
atmosphere, e.g., Ni, Ag, Sn, Cr) over another baser metal (one 
Which is very easily attacked by the atmosphere and gets rusted, 
e.g., iron) with the help of an electric current. The object to be 
electroplated is made cathode and the plating metal is made anode in 
the electrolytic cell. These two electrodes are dipped into the aqueous 
solution of an electrolyte (the salt solution of the metal to ђе 
deposited). The electrolytic employed should fulfil the following 
essentials : (i) should be highly soluble in water, (ii) should be highly 
ionic in nature, and (iii) should be easily available and stable 
towards oxidation, reduction and hydrolysis. 


For copper plating, copper sulphate ; for silver plating, 
potassium argentocyanide ; for chrome plating, dichromic acid, апа 
for nickel plating, ammonium nickel sulphate are used. 


Experiment 6.3. To electrophate a strip of iron with copper: 
by electrolysis. 


Apparatus. А hard glass vessel, a copper strip, an iron strip,. 
copper wires, 


Chemicai. Copper sulphate, distilled water. 


Precautions. (i) The copper strip and the iron object should be 
thoroughly cleaned by rubbing them with sand paper. 
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= SWITCH 


COPPER IRON 
STRIP STRIP 
(ANODE) (CATHODE) 


Fig. 6.7. Electroplating of iron object with copper. 
(ii) Take other usual percautions while handling the electrical 
equipments. 
ORAL QUESTIONS AND ANSWERS 


Q. 6.1. What is meant by the term electrolyte, and what 
three classes of compounds are electrolytes ? 


Ans. Those compounds which conduct electricitry when 
they are dissolved in water or melted, are called electrolytes. Acids, 
alkalis and salts are the most important groups of electrolytes. 


Ф. 6.2. What is electrolysis 7 

Ans. The decomposition of one electrolyte by the passage of 
electric current is electrolysis. 

Q. 6.3. How does an electrochemical cell differ from electro- 
lytic cell ? 

Ans. See Section 6.1 of this unit. 

Q. 6.4. What are cations and anions 7 

Ans. The ions moving towards the negative electrode 
(cathode) are called cations and these moving towards the positive 
electrode (anode) are called anions. 

О. 6.5. Define electrode, cathode and anode. 

Ans. Electrode. It is a metallic strip, sheet or rod used for 
carrying electric current. 

Cathode. It is an electrode which is connected to the positive 
terminal of the battery. Reduction occurs at the cathode. 


Anode. It is an electrode which is connected to the negative 
terminal of the battery. Oxidation occurs at the anode. 
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Q. 6.6. Will you regard electrolysis as a chemical or 
physical change ? 


Ans. A chemical change. 


Q. 6.7. When does a voltaic cell start working as an 
electrolytic cell ? 


Ans. The maximum potential of a voltaic cell is observed 
when no current is flowing, i.e., when the emf of the cell is 
opposed by an external voltage of equal magnitude but opposite sign. 
If this external voltage is greater than the emf of the cell, the 
electrode reactions will be pushed in the opposite direction and the 
cell will become an electrolytic cell. The electrical energy supplied by 
the external potential source performs work on the cell, and the cell 
reaction, which would otherwise occur spontaneously in one direction, 
now takes place in the reverse direction—electrolysis results, i.e. 
anions migrate to the anode, where oxidation takes place and 
cations move towards cathode, where reduction occurs. 


Q. 6.8. Why isthe relationship between anode and cathode 


and positive and negative electrodes is different in the electrochemi- 
cal and electrolytic cell ? 


Ans. In the Daniel cell (electrochemical cell), oxidation 
occurs at the zinc electrode and also from this electrons leave the 
voltaic cell. Hence, this electrode is defined as the anode. It is at 
the copper electrode that electrons enter the cell and a reduction 
takes place. Hence, this electrode is defined as the cathode. Electrons 
are negatively charged particles and so they flow from the negative 
to positive electrode through the wire connecting them. Hence, in 
the electrochemical cell, the zinc anode is the negative electrode and 
the copper cathode is the positive electrode. 


In the electrolytic cell, the electrode where the electrons enter 
the cell and a reduction takes place is again the cathode (by defini- 
tion), and the electrode where electrons leaves the cell and an oxida- 
tion takes place is again the anode (by definition). But as the electrons 
are being fed into the cell from an external source (battery) the 
electrode where the electrons enter the cell will be more negative 
than the electrode where the electrons leave, i.e., the cathode will be 
the negative electrode and the anode the positive electrode. 


Q. 6.9. Whyisthe electrolysis of pure water not feasible ? 
What purpose does added HeS 


O4 ог NagSOa serve 7 


Ans. Pure water is nota very good electrolyte. It conducts 
electricity to a very small extent, 


| In the presence of HgSOa ог 
NagSOa, water starts behaving as a b 


: ? etter electrolyte and along with 
HaSO4 and Na2804 dissociates into Н+ and OH- fone i 


Qa 6.10. Why does the emf of a simple voltaic cell fall 
with time ? How will you overcome this problem ? 
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Ans. Ina simple voltaic cell as illustrated in Fig. 6.3, the 
voltage generated drops quickly as hydrogen bubbles cover the copper 
plate. This is known as polarisation, and if the cell is to continue 
working the hydrogen gas, generated from the reaction of zinc with 
dilute sulphuric acid, must be removed by either shaking the electrode 
or adding an oxidizing agent to the electrolyte in the cell so that 
some other preferential electrode reaction takes place and hydrogen 
gasis not formed. At times zinc electrode is substituted by amalga- 
mated zinc electrode. It does not react with dil H3SO4 to give 
hydrogen gas. : 

Q.6.11. Whathappensin the electrolysis of copper sulphate 
solution between (i) platinum plates (ii) copper cathode and plati- 
num anode, and (iii) Copper plates ? 1 

Ans. (i) CuSO4 yields Cu?* and SO4?- lons. Water yields a 
small number ог ОН“ and Н+ ions. When the electric current is 
supplied Cu2+ and Н+ ions move to the cathode, Cu?* ions are more 


readily disharged than H* ions (electrochemical series) and metallic 
copper is deposited on the cathode 


Сиг+--2е" — Cu 
At the anode the ions OH- are discharged yielding water and 
oxygen. 
(ii) Same reactions take place as given in (i). 


(iii) Here the same: reactions take place at the cathode. At 
the anode neither ОН“ nor 5042“ are discharged. Instead the anode 
gains its electrons by conversion of copper of the anode into ions 
which go into solution : 

Cu —— Cu?t+2e (electrons are left on the anode) 
Here the cathode grows atthe expense of the anode. This fact has 
been made the basis of electrolytic purification of copper. 


Q..6.12. Define cell potential, emf and standard cell 
potential. В 


Ans. See Section 6.2. 


Q.6.13. What happens when а metal plate(M) is immersed 
in a solution containing the ions M^* > 


Ans. There are three possibilities when a metal plate is 
immersed in a solution containing the ion M^* 


(i) A metal ion M^* may come in the contact of the elec- 
trode and experience no change. 


(ii) A metal ion М"+ may come in the contact of the electrode, 
accept n electrons and be reduced to a metal atom M. 


(iii) A metal atom on the electrode M may oxidize and thereby 
lose n electrons to the electrode and enter the solution as Ме", 
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When equilibrium is attained, а small difference in electrical 
potential exists between the metal electrode and the solution. A 
metal with a strong tendency of losing electrons, imparts M^* ions 
to solution resulting in a fractional increase in the number of metal 
ions, Мет in solution and a fractional increase in the number of 
electrons on the electrode. Asa result, the electrode develops a 
small negative potential with respect to the solution. 

Oxidation 
M(s) ———- Ме" (ад) +пе“ 
Reduction 


AQUEOUS SOLUTION 


Fig. 6.8. Eelctrode equilibrium 
Q.6.14. Сап Һе single couple i.e. an electrode immersed in 
a solution, serve useful purpose. 


_ Ams. No; since electrons released by one substance must be 
pained by some other substance, individual electrodes cannot function 
alone. 


(jim! 


UNIT 7 


Qualitative Analysis of Inorganic Salts— 
Identification of Gases 


71. Introduction 


In qualitative analysis, we learn to make observations accurately 
and to interpret them logically. This is, perhaps, the single most 
important thing we learn in the entire educational curriculum. We 
shall see the effects of various kinds of equilibria encountered in 


Fig. 7.1. Pouring of reagents 
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Experiment 7.1. To 
sulphuric acid reacts with 

(i) NazCOs, (ii) NaHCO;, (iii) NaNO», 
and (vi) Ма5,04 


Apparatus. Test tubes, 
glass rods, burner, 


Chemicals. Ма:со;, NaHCO,, NaNO2, NazS, NasSOs, 
Na2S20s, dil. HeSOq, solutions of KMnO,, K;Cr;O;, Te, Bra, lime 
Water, sodium hydroxide, ferrous sulphate, starch, KI, sodium nitro- 
Prusside, etc, 


identify gases evolved when dilute 
(iv) NasS, (у) NasSOs, 


filter papers, spatula, delivery tubes, 


Procedure. Treat a smaj 
about 3 ml of dilute sulphuric асі 
in the cold and then warm gentl 
under : 


ith 
ll amount of the salt (~ 2g) wit 
id in a test tube. Note the reaction 
y. Identify the gases evolved as given 


(1) Sodium carbonate, Ма2СОз. 


Experiment or Test Observation 


1. Observe the Teaction and the gas | With  brisk effervesence, 
evolved. a colourless and odourless 

gas evolves, 

2. Pass the gas through lime water, | Lime water turns milky. 
Ca(OH). solution. 


3. Pass the gas through caustic Soda | Pink colour disappears. 
Solution Containing a few drops of 
Phenolphthalein. 5 


1 odium hydroxide 
eing alkaline becomes pink. 


Explanation, The observation made in the above experiments 
lead us to Conclude that sodium carbonate on reacting with dil. 


#2504 gives carbon dioxide. The explanation of the above test is 
given below ; 


1. па СОК) + HaSO(a9)—->NasSOa(aq)+H20(1)+COx() 


A brisk effervesence in cold with evolution of gas takes place. 
2. Ca(OH), (22)4+С0; (g)—->CaCOs (5)4-6,0 (0) 
(Insoluble) 


Lime water 


Lime water turns milky due to the formation of Сасоз (5) 


3. NaOH (aq)+- CO. (g) —— NaHCOa(aq) 
Phenolphthalein 
P 


ink colour of the solution discharges due to the Conversion of 
NaOH into NaHCO, Which gives colourless Solution with phenol- 
phthlein. Carbon dioxide is i 


acidic in nature as it neutralizes alkalis, 
like NaOH and Са(ОН). 


— ч 


Se 


(ii) Sodium bicarbonate, МаНСОз 


Experiment or Test 


1. Observe the reaction and the gas 
evolved. 


2. Pass the gas through lime water. 
3. Pass the gas through sodium hydro- 


xide solution containing a few drops 
of phenolphthalein. 
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Observation 


Brisk  effervesence takes 
place with the evolution of 
colourless and odourless gas. 


Lime water turns milky. 


Pink colour of the solution 
discharges. 


‘Explanation. The observations made in the above tests show 


that sodium bicarbonate on reacting with dil. HaSO« gives CO» gas. 
The explanation of the above tests is the same as given under sodium 


carbonate. 


2NaHCOs(aq)-- HaSO4(aq) ——> NasSO4(aq)4- 2Ha30(1)2- 2CO»(g) 


(iii) Sodium nitrite, NaNOs 


Experiment or Test 
1. Observe the reaction and the gas 
evolved. 


2. Pass the gas through freshly pre- 
pared solution of ferrous sulphate. 


3. Expose a small piece of filter paper 
dipped in starch+KI solution. 


Observation 


A brown and pungent gas 
is evolved. 


Ferrous sulphate solution 
turns black. 


Paper turns blue. 


Explanation. The observations made in the above tests 


reveal that NaNOa on reacting with 
Os. 


dilute HeSO4 gives NO and 


The observations made in the above tests can be explained as 


give below : 


1. 2NaNOs»(s)J-HaSO«(ag) — > NagSOa(aq)+ NO(g) 


+NO2(g)+-H20(1) 


You may recall that NO reacts with oxygen very rapidly to 


form brown gas. 


lack Coloure 


2. FeSO44NO —— [Een] SO4 or [Fe NO(H20)5]S04 
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In acidic solution, NO37 ions oxidize Fe?* ion and are reduced 
to nitric oxide, NO. Ап excess of Fe?* ions is added to ensure that 


the reaction goes to completion. 


NOg + Fe?+-+2H+ —— Fe$*--NO--H20 


3. In acidic solution МО; ions oxidize I- 


ions and are 


reduced to nitric oxide, NO. The oxidized product, i.e., I» reacts 


with starch and form a deep blue coloured product. 


sensitive test for iodine. 
' is due to absorption of 
molecules. 


It is used as a 


The blue colour disappears on heating and 
iodine molecules within the helical starch 


Helical starch molecule 


... . (CeH100s),, 
NO?» acts as an oxidizing agent. 


NO2+2I-+H20 —+NO+ I2+-20H- 
(iv) Sodium sulphide, NaS 


Experiment or Test 


1. Observe the reaction and the 
gas evolved. 


2. Pass the .8aS through acidi- 
fied solution of lead acetate. 


3. Introduce a burning splinter 
into the test tube full of gas. 


4. Pass the gas through acidified 
KMnO, (dilute) solution for 
long. 


5. Pass the gas through bromine 
water solution. 


6. Pass the gas through sodium 


nitroprusside solution to which 


a few drops of alkali has been 
added. 


Observation 
LL SAR, SCSI а 


A colourless gas with smell 
of rotten eggs is evolved. 


Solution of lead acetate 
turns black. 
Gas starts burning with a 


pale blue flame and the splinter 
extinguishes. Yellow particles. 
of sulphur appear on the walls 
of the jar. 


It is decolourized, 


It is decolourized. 


Turns red-violet in colour. 


аини sooo MM A 


2 
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Explanation. The observations made in the above tests show 
-that sodium sulphide on reacting with dilute H2SO4 gives HaS gas. 
The tests are bing explained below. 

1. NagS(s)+HeSOa(aq) —— Na2SOa(aq)+ HeS(g). 

The gas has a very distinct smell of rotten eggs. It can be 
‘recognized by its smell. 


2. (CH3COO)2Pb(aq)-+HeS(g) —> 2CHsCOOH (aq) +-PbS(s) 
(Black) 

Acidic lead acetate solution turns black due to the formation of 
black lead sulphide. This is a characteristic test for the identification 
of HeS gas. 

3. Ina limited supply of air, free sulphur is deposited. 

2HsS(g)-- Os(g) —> 2H20(I)+2S(s) 
Gas is not a supporter of combution but itself burns in air with 


.:a pale blue flame. HoS gas acts as a reducing agent. 


4. 2KMnO4(aq)+-3H2SO4(aq)-+5H2S(g) — > Коб (ад) 
2Ма5О (ад) + 8382 0Н (1) + 5S(s) 
(Colourless) 
Potassium permanganate solution decolourizes on reacting with 
Нз gas. This test shows that HəS gas is a strong reducing agent. 


5. Bra(aq)-+HeS(g) —> 2HBr(aq)+S(s). 

Bromine solution gets decolourized and turbidity appears 
because sulphur is formed. This reaction also shows the strong 
reducing nature of HoS. 

6. The reaction occurs because sulphide ions form with sodium 
nitroprusside, Nas[Fe(CN)sNO], the red-violet complex Naa[Fe(CN)s 
NOS] in alkaline solution. 


(у) Sodium sulphite, Na?SOs 


Experiment or Test Observation 

EL 

1. Observe the reaction and the gas A colourless gas with 
evolved. suffocating odour of burning 

sulphur is evolved. 

2. Pass the gas through acidified | Тһе solution of potassium 
potassium dichromate solution. dichromate turns green. 

3. Pass the gas through acidified The acidified solution of 
solution of potassium рег- | potassium permanganate turns 
manganate. colourless. 

4. Introduce one or two petals into The petals get bleached. 


a test tube filled with gas. 


2—7 аараан ораса CES TT 


110 


lanation. The observations made in the above tests: 
how that the ара sulphite on reacting with dilute sulphuric acid 
gives 50; gas. The tests employed for the identification of the gas- 
are explained below : 
1. Na2S0O3(s)+H2SO4(aq) ——> NasSO4(ag)- H2O(1)+-SO2(g) 
The gas has a very distinct suffocating odour of burning: 
sulphur. 
KaCr207(aq)+ H2SOa(aq)+3SO2(g) ——> K»SO4(ag) 
Ени -FCrs(SO4)s(ag)--HaO(I). 
(Green Colour) 
Potassium dichromate solution decolourizes on reacting with. 
SO» gas. ( - 
This test shows that SOa gas 15 a Strong reducing agent. 


3. 2KMnOa(aq)+2H20(/)+5S02(g) —— K2SOa(aq) 
+2MnSO4(aq)+2H2SOa(aq) 
(Colourless) 


S decolourized giving a 
The test shows that 50; 


Potassium permanganate solution get 
colourless solution of manganous sulphate. 
acts as a strong reducing agent. 


%. SO2(g)+2H20(/) —+ HaSO.(ag)--2H(g) 


Nascent 
hydrogen 
2H--flower — Colourless. 


The bleaching action ig due to the reduction of colours of the- 
petals by nascent hyd ich j 
water. Hence, it only bleaches 
(vi) Sodium thiosulphate NaeS2O03 


Experiment or Test 


Observation 
^ 
l 
1. Observe the reaction and the gas A colourless, Bas with; 
evolved. 


suffocating adour of burning 
sulphur is evolved, Bits of 


sulphur appear and the solu- 


tion becomes turbid. 
21 Nom the tests listed under. 


NasSOs. 


The explanatian of the above tes; 


t is lined below : 
NaeS20a(s)-+ 50 (ад) ——> HoS:Os(ag)-I- Ма; 50 (ад) 
H2S203(aq) 


—> H; 
(Unstabie) ^ — ^ 120 )--S(s)-- SOs(g) 


| 


sulphur is identified with the turbidity in the solution. 


dioxide can be identified by the test employed under sodium 
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The reaction with salt forms thiosulpluric acid which being 
unstable decomposes to form SO% and S (also colloidal S). Colloidal 


sulphite. 


3 ml of concentrated sulphuric acid in a test tube. 
in the cold and then warm if necessary. 


Sulphur 


Experiment 7.2. To identify the gases evolved when con- 
contrated sulphuric acid reacts with (i) NaCl, (ii) NaBr, (iii) NaNOs, 
and (iv) Nal (in hot condition). 


Apparatus. 
Chemicals. 


Procedare. 


as given under : 


(i) Sodium chloride, NaCl 


Experiment or Test 


1. 


~ 


о 


> 


с 


Observe the reaction and the gas 
evolved. 


. Bring a glass rod carrying a drop 


of aquous ammonia near the 
mouth of test tube. 


. Pass the gas through water for 


long and introduce a small piece 
of blue litmus paper into the 
aqueous solution of the gas con- 
tained in a test tube. 


. Pass the gas through silver nitrate 


solution 


: Treat the mixture of salt and 


manganese dioxide with conc. 
sulphuric acid and heat gently. 


. Take a small amount of salt in a 


test tube, and add 0.5 ml of conc. 
KMnO, solution and 2 ml of 
conc. HeSO4. Heat the mixture 


gently. 


As listed in Experiment 7.1. 
NaCl, NaBr, Мај, NaNOs, conc. HeSOa. 
Treat a small amount of salt (~2 g) with about 


Note the reaction 
Identify the gases evolved 


Observation 


A colourless gas with 


choking smell is evolved, 
Dense white fumes are 
formed. 


Blue litmus paper turns 
red. 


А white ppt. is formed. 


Effervesence takes place 
and a greenish yellow gas with 
pungent small is evolved. 


Potassium permanganate 
solution gets decolourized 
and a greenish yellow gas with 
pungent smell is evolved. 


а И eS eee 
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i i i bove tests show 
lanation. The observations made in the abov ts sh 
i i i А huric acid gives 
dium chloride on reacting with conc. sulpt у | 
ааа gas. Тһе tests employed for the identification of 
the gas are explained below : 


1. 2NaCl(s)++HeSOa(aq) —- NaeSOa(aq)+2HCl(g) 
The gas has a distinct pungent small. 


2. NH4OH(aq)+HCl(g) —> NHaCl(g)+He0(/) 


i i i forms dense white fumes, 
mmonia on reacting with the gas I j 
(SOLD) wbich characterizes the formation of ammonium chloride. 


3. Dry gas does not turn blue litmus red. 

When dissolved in water, hydrogen chloride solution turns blue 
littus red and, hence, is acidic in nature. In aqueous solution of 
ам Н+ and СТ“ ions exist. H* ions exist as H3O*(ag) known as 

eae 
hydron, ium ion. 


<, HCl\(aq)+H20(/) —> Hs0+(ag)+ С (ag) 


M O*(aq) ions, hydrochloric acid exhibits all 
A does. St dere d 
4. Арх lOx(ag)--HCl(g) —> AC + HNOs(aq) 
Silver nitrate; оп reacting with the gas forms greyish white ppt., a 
distinct property of AgCl. l 
The; white precipitate of AgCl] dissolves in aqueous ammonia 
due to ‘ihe complex formation. 


f — AgCK(s)--2NHs(ag) —-> [Ag(NHs)2]Cl 
Diammine silver 
chloride 
Precipitation of AgCl is usually done in the presence of dilute 
HNOs. The precipitate does not dissolve in dilute НМОз. This can 
be used as a test for hydrogen chloride or hydrochloric acid. 


5. MnOs»(s)--4HCl(ag) —> MnCls(ag) 4-2H30(1) --Clo(g) 
Aqueous hydrogen chloride solution reacts with manganese oxide, an 
oxidizing agent forming a greenish yellow gas, i.e., chlorine gas. Here, 
НСІ reduces manganese dioxide and is itself oxidized to chlorine gas, 
which is recognized by its distinct odour and colour. The gas can be 
identified by a moist iodized starch paper. In the presence of the gas, 
dark blue colour appears because of the formation of iodine. 

2KI+Cle —- 2КС1+ 5 


6. 2KMnOa(aq)+16HCl(aq) —> 2К Скад) 10Мп СТ ад) 
+8H20()-+5Clo(g) 
KMnO4 solution gets decolourized and a distinct greenish yellow 
coloured gas is evolved, which can be identified by the test listed 
under 5. It confirms that chlorine gas is an oxidizing agent. 


(ii) Sodiam bromide, NaBr 


N 


Experiment or Test 
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Observation 


- Observe the reaction and the gas 


evolved. 


. Expose the starch paper impregna- 


ted with potassium iodide solution. 


Intense brown vapours are 
evolved. Vapours appear to 
be of bromine. 


Starch paper becomes blue 
in colour. 


3. Pass the gas through  AgNOg | Light yellowish curdid ppt. 
solution for long. 
4. Take a small amount of salt ina | The organic layer becomes 


Un 


test tube and add 1 mlof conc. 
HeSO,. Warm gently. New add 
| ml of carbon tetrachloride follow 
by afew drops of chlorine water 
and shake well. 


. Treat the mixture of salt and 


manganese dioxide with conc. 
#2504 and heat gently. 


To the same tube add one ml of 
ССЦ and shkae well. 


reddish yellow. 


Effervesence takes place 
and a brown gas with a 
pungent smell is evolved. 


The organic layer becomes 
reddish yellow. 


6. Pass the gas through acidified dilute | It acquires a slight greenish 
solution of potassium dichromate. | tinge. 


Explanation. The observations made in the above tests show 
that hydrogen bromide, bromine and sulphur dioxide are formed 
when salts of hydrobromic acid (bromides) are heated with conc. 
2504. The tests employed for the identification of the gases аге 
explained below : 

l. NaBr(s)+H2SOa(aq) —> NaHSOa(s)+HBr(g) 

2HBr(g)--HaSO4(ag) —> 2H2O(!)+SOo(g)+ Bro(g) 
The mixture of these gases looks brown due to the brown colour of 
bromine gas. Both HBr and SO% are colourless gases. The mixture of 
these gases gives a very pungent smell. The two gases, їе. Bro and 
SO% are produced during the course of reaction because HBr reduces 
#2504 to 505 and is itself oxidized to Bro. 

2. When starch paper impregnated with „potassium iodide is 
exposed to the gas, it develops blue colour. This is because Bre gas 
acts as an oxidizing agent and liberates Ig which reacts with starch, 
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3. AgNOs(ag)--HBr(g) —— AgBr(s) + HNOs3(aq) 
(Yellow ppt.) 
HBr forms yellow precipitate with Silver nitrate solution. The yellow 
ppt. of AgBr is partially soluble in aqueous ammonia due to complex 
formation as given under sodium chloride, 


4. Organic solvent, i.e., carbon tetrachloride extracts bromine 
which is formed during the course of reaction. The organic solvent 
layer becomes yellow, red or brown in the presence of bromine, 
depending on the concentration of bromine and on the solvent. 


Sh 2NaBr(s)-+MnOo(s)-+3H2SO4(aq) 
=> 2NaHSO4(5)--MnSOa(ag)+2H20(1)+ Bralg) 
Aqueous hydrogen bromide solution reacts with manganese dioxide, 
an oxidizing agent forminga brown coloured gas, i.e., bromine ees) 
is gas is moderately soluble in water. Here, HBr reduces manga 
nese dioxide and is itself oxidized to Bra. Organic solvent ex 
Brg which is produced in the reaction. 


i ? i а А en 
6. Potassium dichromate Solution acquires a tinge of by 
colour due to the its reduction to chromic sulphate (green colou 


502 a reducing agent. SO» is formed when NaBr is reacted with 
Conc, H2504. (Ref. Test 1). 


(ii) Sodium nitrate, NaNO; 


Experiment or Test Observation 


1. Observe the reaction and the gas| A brown coloured gas 15 
eyolved. evolved. 


2. Add copper turnings to the test | Deep brown fumes in 
tube used in the test | and heat. plenty are evolved. 


3. Pass the gas through potassium | Violet fumes are evolved. 
iodide solution. Solution also acquires 
colour. 


4. Pass the gas through acidified 


The solution turns brown. 
ferrous sulphate, 


Explanation, The observat 
confirm that nitrogen dioxide (bro 
salts of nitric acid (nitrates) deco. 
identify the gas are explained below 


1. NaNOs(s)--HsSO4(ag) —+ NaHS$O4(s)+HNOsa(aq) 


H,S 
4HNOs(aq) — 


The gas is recognized by its reddi 


ions made in the above tests 
wn coloured) gas is formed when 
mpose. The tests employed to 


O, 
> 4NOx(s)4- 2H»O(1)4- Os(g) 
sh brown colour and pungent smell. 
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2. The gas formed during the course of reaction dissolves in 
the solution (МО; is soluble in water) forming nitric acid which 
oxidizes copper to form copper nitrate and more of nitrogen 
dioxide gas. As a result, dense brown fumes are formed. 

2NO»(aq)4-HaO(I) —- HNOs(aq)+HNOs2(aq) 

Cu(s)--4HNOs(ag) ——> Cu(NOs3)2(aq)+2H20(/)+2NOo(g) 

Cu(s)2-8HNOs(ag) —> 3Cu(NOa)s(aq) +4H20(1)+2NO(g) 

3. 2Kl(aq)2-NO»(s) —— 2КМОг +12 
‘The evolution of iodine is confirmed by exposing a piece of filter 
paper impregnated with starch solution. Paper acquires deep blue 
colour due to the absorption of iodine. This test shows that nitrogen 
dioxide gas acts as an oxidizing agent. 

4. 2FeSO4(ag)4-HsSO4(aq)-- NOs(g) 

—= Fes(SO4)s(aq)-- NO(g)4-Ha2O(I) 
FeSO4(aq)+ 5H20-- NO(g) —— [Ee aO NOSO 
Blac 
The reaction is based on the reduction of nitrogen dioxide to nitric 
oxide by ferrous sulphate ; nitric oxide with excess ferrous sulphate 
forms an unstable complex which forms the solution black. 


(iv) Sodium iodide, Nal 


Experiment or Test 


Observation 


. Pass the gas 


. Observe the reaction and the gas 


evolved. 


. Expose a piece of filter paper 


impregnated with starch solution. 


through AgNOg 
solution for long. 


. Take a smali amount of salt in a test 


tube and add 1 ml of conc. Н504. 
Heat the contents. Now add 1 ml 
of carbon tetrachloride followed by 
a few drops of chlorine water and 
shake well. 


Treat the mixture of salt and 
manganese dioxide with conc. 
#2804 and heat gently. 


. Pass the gas through acidified dilute 


solution of potassium dichromate. 


Violet vapours are evolved. 


Starch paper becomes blue 
in colour. 


Yellowish curdid ppt. 


The organic layer acquires 
violet colour. 


Effervescence takes place 


and deep violet vapours are 
evolved. 


ft acquires a slight greenish 
tinge. 


ne 


116 


Ехр i i i bove tests 
lanation. The Observations made in the a 

confirm that hydrogen iodide, iodine and sulphur dioxide are Tormed 
when salts of hydriodic acid (iodides) are heated with conc. Ha 
The explanation of the tests is given below : 


1. Nakag)--HsSO4(ag) —> NaHSO4(s)-- HI(g) 


2HI(g)--HoSO4(aq) ——- 2820(1) 4-I5(g)4- SOa(g) 


i i i the intense 

Tbe mixture of these gases looks violet in colour due to 
violet colour of the iodine vapours. Both HI and SOs are EDU 
gases. The mixture of these Bases gives a very RUE S 
and HBr are produced during the course of non ; НЕ 
heating reduces #2804 to SO» and is itself is oxidize 9 

2. The free iodine can be detected by the formation of violet 
vapours and also by the blue colour of starch PONE Ме 

=> Ав) + з(2. 

3. AgNOs(ag)4-Hl(g) rs er E 
HI reacts with silver nitrate solution, forming yellow ppt. of Agl, 
which is insoluble in aqueous ammonia. 


i 1 hloride, etc, extracts 
olvent, ie., carbon tetrac » etc. с 
A ee reaction. The organic layer acquires reddish 
violet colour. 


5. 2Nal(s)4-MnO»(s)--3H2SO.4(aq) 


—- Q2KHSOA(s) +MnSO«(aq) + 2H20(1)+ To(g) 


ueous hydrogen iodide solution Teacts with Manganese 
SUE violet vapours of iodine. Here HI 

itself oxidized to iodine. Organic 1 
produced in the reaction. 


dioxide 
reduces МпОз and is 
ayer extracts iodine which is 


6. Potassium dichro 
colour due to its reducti 
sulphur dioxide, a red 
sodium iodide with h 


mate solution acquires a tinge of green 


ction to chromic sulphate (green colour) by 
ucing agent. SO, i 


is formed in the reaction of 
ot conc. 6804. 
ORAL OUESTIONS AND ANSWERS 


Q.7.. What happens when carbon dioxide is bubbled 
through lime water for a long time ? 


Ans. When excess of (5 
through lime water, the white pp 


LE pd for a long time 
i l у OF calcium carbonate is first form- 
ed which disappears again, as CaCO; i i 
а 3 15 converted into the soluble 
Ca(OH)«(ag)--COs(g) —— CaCOs(s)--H;O(r) 
(White Ppt.) 
CaCOs(s)--HaO(1)-. COs(g) —_ Ca(HCOg)s(ag) 


(soluble) 


г) 


117 


Q .7.2. Can dil. Н250, be replaced by dil. HNOs in pre- 
paration of HeS gas ? 


Ans. We cannot use dil. HNO3 in the preparation of HeS gas 
as nitric acid oxidizes the H5S gas produced. 
FeS(s)--2HNOs(]) —= Fe(NOs)2(aq)-+HeS(g) 
2HNOs(aq) —— HaO(/) 3-2NOs(g)--[O] 


~ He2S(g)+[0] —> HaO(/)-4-S(s) 


О. 7.3 Why сап HeS gas be not dried by passing through 
conc. HaSO4 7 


Ans. Conc. H»SO4 cannot be used as a drying agent for HoS. 
gas as it is reduced by the gas. 
HoSO4(aq) —> SOs(g)J-Ha0(1)--[O] 
HeS(g)--[O] —- S(s)+H20(1) 
H2SOa(aq)+HeS(g) —+ SOs(g) 4-2Ha0(I) 4- S(s) 
Q..7.4. Why can dry chlorine gas be not used as a bleaching 
agent ? 


Ans. Chlorine bleaches only in the presence of moisture as it 
combines with it to produce nascent oxygen which has got bleaching 
action. 


Cle(g)+H20(/) —— 2HCl(g)--[O] 
Q.. 7.5. Can chlorine gas be used as a bleaching agent for silk, 
wool etc. ? 


Ans. Itshould not be used as a bleaching agent for these 
types of delicate fibres as they are damaged by chlorine. 


Q.7.6. Show the acidic nature of sulphur dioxide in 
solution ? 


Ans. Sulphur dioxide dissolves in water to give sulphurous 
acid which ionizes as given below : 


SOs(g)--H3O(I) —+> Н»503(1) 2H *2-SOs2- 

Its solution turns moist blue litmus paper red. 

Q.. 7.7. You are provided with two jars one containing СОг 
gas and another containing CO gas, how will you distinguish ? 

Ans. CO gas burns with blue flame and will not change the 
colour of lime water while СОг gas will make the lime water milky. 

Q. 7.8. How will you distinguish between the jars of Но gas 
and SO» gas ? 


Ans. HS gas jar will turn lead acetate paper black and pro- 
duce violet colour with ammoniacal sodium nitroprusside. 


SO» gas jar will turn potassium dichromate paper green. 
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Q. 7.8. Explain the bleaching action of sulphur dioxide. 


Ams. The bleaching action is due to the reduction of the 
colours of substances by nascent hydrogen which is formed when 
SO» reacts with water. Hence, it only bleaches moist materials. 


—— HeSOa(ag)+ 218] 
SO»(g)2-2H20(1) — Hz alag) НИ 
hydrogen 

Its bleaching action is temporary and mild. Hence, it is used 
for delicate things such as flowers, wool, etc. It can also bleach 
sugar, straw, paper, etc. The bleaching action also confirms the 
reducing nature of sulphur dioxide. 

The bleached product slowly regains its colour on exposing to 
air due to oxidation. 


> Oxidation 
Bleached product-- Atmospheric oxygen————> Original product 


Q. 7.9. Explain the acidic nature of #25 gas. 


Ans. It is fairly soluble in water and its solution is weakly 
acidic in nature. The acidity is caused by the slight ionization of 
the dissolved gas to give hydrogen ions (or hydronium ions). It 
turns blue litmus paper red. 

H3S--H30 —— Нзо“ + HST 
Hydrosulphide 
jon 
H30--HS. —> Hs;0* + 52- 
Hydronium Sulphide ion 
ion 


ое ale. How does HeS react with various metal salt 


Ans. Нә5 reacts with many salt solutions forming insoluble 
coloured sulphides. Some sulphides are precipitated in acidic medium 
and some others are precipitated in alkaline medium. When Ноб is 
bubbled through a solution of lead acetate or lead nitrate it turns 
black due to the precipitation of lead sulphide (PbS). 


Pb(NOs)s(aq)4- HeS(g) ——> PbS(s)--2HNOs(aq) 
(Black) 
Pb(CHsCOO)a(aq)+ HoS(g) ——> PbS(s)--2HOOCCHs(aq) 
(Black) Acetic acid 


In a similar fashion, #25 reacts with other metal salt solutions. 
In acidic medium 


CuSO4(aq)+-H2S(g) — > CuS(s)J- HsSOa(aq) 
(Black) 
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CdSOalaq)-+HeS(g) ——> CdS(s)-- HaSO4(aq) 
(Yellow) 


HgCls(aq)4-HsS(g) —> HgS(s)+-2HCl(aq) 
(Black) 


In alkaline medium 


ZnSOa(aq)-+Ho2S(g) ——> ZnS(s)+H2SOalag) 
(White) 
NiSO4(aq)+ HaS(g) —> NiS(s)+H2SOa(aq) 
(Black) 
MnSOq(aq)+HeS(g) —> Ма) На 020) 
Buff) 


Such reactions of hydrogen sulphide are used in qualitative 
inorganic analysis for identifying the various metallic ions. 


Q.. 7.11. Explain the reducing nature of sulphur dioxide. 


Ans. Sulphur dioxide acts as a reducing agent in the presence 
of moisture because it is easily oxidized to sulphuric acid liberating 
nascent hydrogen. 


50: (2)+28%0(1) —> HeSOa(aq)+2[H] 


(i) Yt reduces halogens to halogen acids. When sulphur 
dioxide is bubbled through a pale green solution of chlorine water, 
the gas is absorbed. The chlorine water turns colourless forming a 
mixture of hydrochloric acid and sulphuric acid. 


80: (2) + 2820(1) —> HeSOa(aq)+2[H] 
Хе(ад) + 2[H] —+ 2HX(aq) 


80; (2) + Хе(ад) -2820()—= Незо (ад) +24 Х (ад) 
where X=Cl, Br or I. 


An aqueous solution of 50; decolourizes the coloured solutions 
of bromine and iodine forming colourless corresponding halogen 
acids (hydracids). 


(ii) It also reduces ferric (IIl) salts and acidified solutions of 
permanganates (VII) and dichromates (VI) to ferrous (II), manganese 
(II) and chromic (III) salts respectively. 


2FeCla(aq)+ 2HsO(I) +SOa(g) 


(Yellow colour) 
—-+ 2FeCle(aq)-+2HCl(aq) +HeS Оа(а; 
(Pale green colour) 
2KMn04(aq)-+2Hs0(1)-+5802(¢) 


(Purple colour) 


—-> Козоа(ад) -2Ма5О (ад) - 21250 (ад 
(Colourless) 


KeCr2O7(aq)+ HaSOa(aq)+3S0a(g) 


(Orange colour) 


—= Ke2SOa(aq)+Cre(SOa)3(aq)+H2O 


(Green colour) 


Q.. 7.12. Show that chlorine is more reactive than both 
bromine and iodine. 


i i i iodine from 
. Chlorine displaces both bromine and iodine 
DUCTU their salts. Bromine is red coloured. Hence, the colour- 
less solution of KBr turns red. Iodine makes the KI solution 
reddish-brown solution. 
2K Br(aq)+Clo(g) ——> 2KCl(aq)+ Bra(aq) 
2K1(aq)+Clo(g) —> 2KCI+I2(g) 
Iodine vapours turn a starch paper blue. 
These reactions show that chlorine 
bromine and iodine. 


Q. 7.13. How will you distin 


is more reactive than 


guish the halogens from each 


other ? 
Ans. 
Detection of halogens 
Property Chlorine Bromine Todine 
State and colour ^ Greenish-yellow gas Reddish-brown Steel] grey solid 
liquid 
Smell Pungent Pungent Pungent 
Action on starch- Turns starch iodide Turns st 
dde pepe: paper bus arch Turns starch 


iodide paper iodide 
dide paper 
blue Violet or deep 
blue 
Action on carbon — 


Dissolves giving Di 1 о 
disulphide orange-coloured ssolves giving 
solution. violet solution 


Q. 7.14. What happens when sulphur dioxi 1 
(i) Aqueous solution of iodine, (ii) Aqueous solution of acts van 
Alkali solution, (iy) Aqueous solution of FeCls, and (у) Colonie 
ve chemical equations, Е 
Ans. (i) 12c-2H204-SO; —— 2HI+HeSO, 
(ii) 2H2S+SO2 —> 2H304-38 
(iii) NaOH+SQ, —-> NaHSOs 
NaHSOs-- NaOH —-> NagSO3+-H 0 
(iv) 2FeCla-4-SOs--2Hg0 ——> 2FeCls+2HCi+- S04 
SO. 


$ 2 
(0) Colouring matter — = Gets bleached 


Material present in flowers? Gi 


arme ЗА 
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Q. 7.15. What happens when Cle reacts with 

(i) Alkali metal, (i) Sulphur dioxide solution in water, (iii) A 
non-metal, (iv) Sodium hydroxide and (у) Slaked lime ? 

Give equations. 


Ans. (i) Molten sodium burns in chlorine with a yellow 
flame. 


2Na+Cl2 —— 2NaCl 
(ii) SO2+H20 —- HeSOs 
HeSO3+Cle+H20 —= H2804--2HCI 
(iii) White phosphorus burns spontaneously in the atmosphere 
of Cle producing white fumes of chlorides. 
P44-6Cla —— 4РСІз 
Pa+10Clo —=> 4РСІ5 
(iv) 2NaOH--Cla ——> NaCl+NaOCl+H20 
(Cold, dilute) 
6NaOH+ 3Cle —- NaClOg+ 5NaCI4-3H30 


(Hot, conc.) 

(у) Ca(OH)2+Cle —— CaOCle+H20 

Q. 7.15. Distinguish between hydrogen chloride and hydro- 
chloric acid. 

Ans. Hydrogen chloride gas in water 15 called hydrochloric 
acid. Hydrochloric acid is present as Ht and СТ ions. Here Н+ 
exists as НзО+. 

H20(/)-++ HCl(aq) —- HsO*(aq)4- CI (aq) 

Due to the presence of НзО+ ions, hydrochloric acid exhibits 

acidic properties. 


Hydrogen chloride has a single polar covalent bond. There 
are no НзО+, Н+ or Cl- ions. Thus, it does not exhibit acidic 
properties. 


Q. 7.16. Distinguish between the bleaching action of sulphur 
dioxide and chlorine. 
Ans. (i) Both sulphur dioxide and chlorine act as bleaching 
agents in presence of water. Dry gases do not bleach. 
(ii) Bleaching by sulphur dioxide is by reduction. Oxygen is 
removed from the colouring matter present in the article. 
50; –- 620 —- H»SOs 
2502 +0 (from colouring matter) -> HosSO4--colourless compound, 
Bleaching by chlorine is by oxidation when oxygen combines with the 
colouring matter present in the article. 
Cle+H20 —-— HCI+HOCI 
НОСІ —— HClI4-O 
O+(colouring matter) —=> Colourless substance 
(iii) The bleaching by sulphur dioxide is temporary but the 
bleaching by chlorine is permanent. oo 


UNIT 8 


Qualitative Analysis of Inorganic 
Salts—Indentification of Cations and Anions 


8.1. Introduction 


A substance is analyzed to establish its qualitative or quantita- 
tive (Unit 9) chemical composition. An anyalsis that yields informa- 
tion only as to the identity of the ingredients is known as qualitative 
analysis. Qualitative analysis of inorganic substances is primarily 
concerned with the detection and identification of the ions present in 
a substance (a single substance/salt or a mixture of substances/salts). 
The salts, on dissolution in water, spilt into positively charged 
ions called cations and negatively charged ions called anions. The 
cation is also known as basic radical and the anion as acid radical. 


In qualitative analysis, in order to identify the ions of a 
substance being analyzed, other substances (solids, solutions, etc.) 
called reagents are added to itthat cause chemical transformations 
accompanied with the formation of new compounds possessing 
Specific properties а definite physical state (precipitate, liquid 
gas) ; certain solubility in water, acids, alkalis and other chemical 
solvents, a characteristic colour, odour and so forth. 

The following principles has a great bearing upon the operations 
usually followed in qualitative analysis, law of mass action, common 
ion effect, solubility product, complex ion formation, pH, etc. 

A reaction used in qualitative analysis must : 


1. occur rapidly, practically instantanously, 


2. be accompanied with the formation of a characteristic 
precipitate, gas or with the appearance of a colour, 


3. be practically irrevesible, i.e., occur mainly in one direction, 
and 


4. be specific, if possible, and highly sensitive. 
In our scheme of qualitative anal 
for the following cations and anions : 


Cations. Lead (ii) Pb?*, mercu 
cadmium (ti) Cd?*, arsenic (iii) As3+ 


ysis, we shall analyze the salts 


ту (ii) Hg?*, copper (iij) Cu2+, 
» antimony (iii) 58+, iron (ii) 


(122) 


aS 
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Fe2+, iron (iii) Fe8+, aluminium (iii) AlS*, nickel (iii) Ni?*, cobalt 


Gi) Co2+, manganese (ii) Mn?*, zinc (ii) Zn?*, calcium (ii) Ca?*, 


barium (ii) Ba2*, strontium (ii) 512+, magnesium (ii) Mg?*, 
potassium (i) К+, ammonium (i) NHa4* and sodium (i) Na*. 


Anions. Carbonate, COs?-, sulphite, 50527, sulphide 527, 
chloride СТ, bromide Br, iodide, I~, nitrite, МО; nitrate, NOs , 
sulphate 50427, phosphate 50437 and acetate CHsCOO™. 


8.2. Systematic Analysis 


The salt analysis may be systematically carried out in the 
following steps : 


(i) Preliminary examination, 
(ii) Detection of anions, and 
(iii) Detection of cations. 


8.3. Preliminary Examination 


In qualitative analysis, various characteristic features of the 
chemical substances being analyzed are used for establishing its 
chemical composition. For example, ammonia can easily be 
identified by its chasacteristic smell and ammonium salts, by the 
liberation of ammonia gas when then salts are heated with caustic 
soda. 


In some cases, substances are tested by dry analysis, i.e., without 
transferring thein into solution. Such an analysis usually consists 
the examination of physical properties of the salt. It involves the 
heating of a substance to give a gas with a distinct smell and colour. 


It also consists in testing the ability of a salt to give a characteristic 


.colour to a colourless flame or а certain colour to a melt (bead or 


glass) obtained when heating the substance with borax in the eye of 
platinum wire. 


.8.8.1. Physical properties 


The physical properties of a salt, viz., colour, appearance and 
odour etc. help in arriving at an inference regarding the salt as given 
in Table 8.1. 


8.3.2. Action of heat 


А substance on heating may sublime, decompose with evolution 
of gas, or undergo certain other changes. Careful observation of the 
changes and recognition ofthe gases evolved help us in arriving at 
some result (Table 8.2). 


Further the colour of a salt indicates its constituents, €.» 
copper carbonate is green, copper sulphide is black, cadmium 
sulphide is yellow, ferric hydroxide is brown and manganese sulphate 
is pink. 
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Table 81. Physical properties of salts 


Physical property Inference = 
R Pb?*, Al8+, Zn2+, Ca2t, Ва 
White colour (colourless) S Mg?* or ича прву 
be present is 
Bluish or bluish green colour си ог m a 
Light green colour Bed oan salt 
Yellowish brown colour Fe! сва t 
Light pink/buff colour Mn Зи salt 
Pnik or dark pink со i salt 
Smell of ammonia gas 3 NH, salt 
Smell of hydrogen sulphide gas 52 salt 
Smell of sul¥ hur dioxide gas SOs?- salt ч 
Deliquescent nature CI- ог NOs- salt may be 
present. 
Table 8.2. Action of heat on salts 
Observation Inference Chemistry involved 
Salt appears to be ES promo Hydrated salt dissolves in its 
melting ydrated salt 


water of crystallization and 


appears to have melted. 
White sublimate 


МН; salt may ђе 


Some ammonium salts decom- 
present pose on heating leaving behind 
а sublimate ; 
(80,50 (5) — NH,(g) 
+NH,HSO,(s) 
Ammonia evolves, NH;* salt 


Ammonium salts decompose on 
detected by smell eating to give ammonia : 
(NH24CO,(s) —+ NHs(g) 
+CO,(s)-+H,0(g) 


decompose on 


Carbon dioxide gas Lime water turns milky Carbonates 
evolves detected by i 


4" present heating to give carbon dioxide : 
allowing the gas to CaCO,(s) —+ CaO(s)+CO,(g) 
Pass through lime Ca(OH), +CO, > CaCO,+H,0 
water 
Sulphur dioxide gas Paper turns green Some sulphites and sulphates 
evolves, detected bya SO, or SO,*- may decompose to give sulphur 
filter paper soaked in be present dioxide : 

К,Сг,О; solution 2FeSO,(s) —-— Fe,0,(s) 
+S0,(¢)+SO,(g) 
2CuSO,(s) —+ 2CuO(s) 
+2S0,(g)+0,(g) 
Nitrogen dioxide gas NO,” present 


Nitrates decompose [0 
evolves, detected by 


ive 
nitrogen dioxide : E 
its colour and 2Cu(NO;);(s) —— 2CuO(s) 
irritating smell n 4NO,(g) 
Colour of the salt 
anges from 

yo biue to white Cur salt Some salts change the colour 
iy Sree Ee wy ДАНЕ cither by losing water of cry- 
(iii) yellow (when hot) T Stalization ог due to the 
to white (when cold) Zn* salt 


change in state : 
CuSO,.5H,0(s) —= CuSO,(s) 
(blue) (white) 


+5H,0(s) 
>a ac ue cl cca cue ON 


7 
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8.3.3 Flame test 


Salts of some elements can be identified by the colour 
which they impart to the colourless flame of burner ; sodium 


salts turn it yellow ; potassium salts, violet ; calcium salts, brick 


red, barium salts, green ; copper salts, blue-green ; and so 
forth. Thus, this property can be helpful in identifying the various 
metal ions. For a particular element the flame colouration 
remains the same irrespective of whether the element is in the 
free state or combined with other elements. For example, metallic 
copper, copper sulphate, copper nitrate, copper chloride and 
copper carbonate all impart blue-green colour to the flame The 
colour is characteristic of copper in all its forms. The flame test is 
usually carried out with the chloride of the metal as it is more 
volatile than other salts. The given salt is treated with concentrated 
hydrochloric acid (to convert it into the chloride form) and placed 
in the eye of platinum ог nichrome wire. The wire is then heated 
in an oxidizing (non-luminous) flame when it imparts a characteristic 
colour to the flame (Table 8.3). Platinum or nichrome wire is 
suitable for the flame test because it neither melts nor imparts colour 
to the flame. Ordinary salts may be associated with an impurity 
ofa sodium salt and give a yellow flame of short duration. To 
overcome this difficulty, the flame may also be viewed through blue 
glass (cobalt glass) which absorbs the yellow sodium light. 


Table 8.3. Flame test 


Flame colour by naked Flame colour through Inference 
eye blue glass 

Deep blue green Bluish green Cu?* 

Brick red Light yellow Ca2* 

Apple green Bluish green Ba?* 

"Crimson (deep red) Purple Sr2+ 

Violet Pink Kt 


Procedure for the flame test. Make a circular loop (eye) 
at the end of a platinum (or nichrome) wire sealed in a glass tube. 
Dip it into concentiated hydrochloric acid and heat it in a non- 
luminous flame. Repeat this process until the platinum wire imparts 
no colour to the flame. 


Prepare a paste of the salt with conc. hydrochloric acid in a 
watch glass Take a small amount of the paste in the eye of the 
wire and heat in the oxidizing flame (Fig. 8:1). The salt melts in 
the burner flame, forming a bead. The bead is dipped for an instant 
into paste. Chloride compounds being volatile produce a coloured 
flame. First observe ihe colour imparted to the flame with the 
naked eye and then through the blue glass. 
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COLOURED 


Fig. 8.1. Detection of some elements by flame test — 
Carrying out a test. 


Notes about flame test 


l. The order of appearance of colour in the flame is (i) Nat, 
Gi) K+, (iit) Cue, (iv) Ca2+, (0) Sr?* ang (vi) Ва?+. 


2. Persistent golden yellow colour of Sodium usually conceals. 
all other colours of flames. When all the sodium j 


= 15 Temoved, the: 
Other flames make their appearance, 


3. Everytime this test Should be Performed wit! 
cleaned wire, 50 that any salt adhering to 
colour to the flame, 


1 h a thoroughly. 
It does not impart its: 


4. Never dip the platinum wi 
cleaning it Always use a few ml of the 
this purpose. The acid after use should 


5. Do not use the acid, Which is employed for CRM 
platinum wire, for making paste of mixture, 7 nng 


This test is carried out for the 
in a salt. On heating the Pinturo of 
or fusion mixture) in a ch iTCOa] с, Vity, the metal $ 
ee by double decomposition. The Carbonate оп further pats, is 
decomposes to the Oxide, which „5 left ава Coloured residue in ins 
cavity. The colour of the residue is characteristic 9f the metal 
present. The metallic Oxide, at ti i 
the reducing action of the charcoal resulting in the ormation of 
metallic bead. The metal formed May also form ап oxide with oxygen 
present in air. The oxide deposits in the 3 


~ 2. > Зуи 
HMM ан 


j 
+ 
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around the cavity called incrustation. The colour of the residue, 
bead or incrustation helps in identifying the metal. 


Procedure for charcoal cavity test. Make a small cavity 
in a charcoal-block with a knife or cavity borer (Fig. 8.28). Fill 
the cavity with the mixture of the salt (1 part) and sodium carbonate 
or fusion mixture (2 parts). 


Moisten the mixture with a drop of water. Hold the charcoal 
block in the left hand and deflect the reducing flame* upon it with the 


(a) Making cavity (6) Performing charcoal-cavity test 
Fig. 8.2. 
help of а blow-pipe for about two minutes (Fig. 8.25). Observe 
the colour of the incrustation (a crust around the cavity) and the 


residue (hot and cold). At time metallic bead formation takes place. 
Draw the inference (Table 8.4). 


Notes about charcoal cavity 

]. Always make a fresh cavity for a fresh salt. 

2. While makinga cavity do not apply pressure otherwise it 
is likely to crack. 

3. Do not make a very deep cavity and there should be some 
space around it for incrustation to form. 


4. While performing charcoal cavity test always moisten the 
mixture with a drop of water otherwise the mixture is likely to be 
blown awav. 


*To obtain a reducing flame make the bunsen-burner flame luminous by 
closing the air holes of the burner. Keep the nozzle of the blow pipe just out- 
side the flame and blow gently on to the cavity. 
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Table 8.4. Charcoal cavity test 


Observation Inference Chemistry involved 
i l oxide 
i idue, no Al, Ca, Ba, Sr ог Corresponding meta. 
елена Mg present forms e.g. 
| А1+30, — АЦО, 
Red residue, по Cu present CuSO,+NaCo, —> CuCO, 
incrustation +Na,SO, 


Cuco, —-> Cu0+Co, 
Cu0+C—+ Cu + CO 


(Red) 
TL ee E TERN 
Brown residue, Cd present 


CdSO,+Na,Co, —=> СаСО, 

brown incrustation +Na,.SO, 
CdCO, —— сао + CO, 

(Brown) 

Black residue, no Fe, Nior Mn Corresponding meta] oxide 

incrustation present forms 

Shinning metallic Pb present Pb(NO;),--Na,CO, —=> PbCO, 

bead, yellow +2NaNO, 

incrustation 


PbCO, —> РБО+СО, 
РБО+С —- Pb 


+CO 
(Metallic 
bead) 
Yellow residue, and Zn present ZnSO,+Na,CO, —+ ZnCO, 
yellow incrustation 


(when hot), white ZnCO, —+ ZnO +с0, 
residue and white 

incrustation (when 
cold) 


221+0, —+ 2ZnO 
(Incrustation) 
8.3.5. Cobalt nitrate test 


This is an extension of the charcoal cavity test. This test is 
performed only when a hi i i i 
a drop of cobalt nitrate solution оуег t 


836. Borax-bead test 


This test is used for detection of Cations in Coloured salts of 
copper, iron, nickel and manganese. 


Heat Red heat 
NagBa07.10H20 —> NagB4O; ———_, 2NaBO + B203 


(Glassy bead) 


7 >, _ 6 
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Table 8.5. Cobalt nitrate test 


Observation Inference Chemistry involved 
Blus residue Aluminium 2С0(МО;); —> 2CoO-F4NO;--O. 
salt CoO+ AO, —— САО) 
(Al oxide (Blue residue) 
in cavity) 
Pink residue Magnesium 2Co(NO;)s —> 2CoO--4NO;4-O; 
salt Со0+ MgO —- CoO.MgO 
(Mg oxide (Pink residue) 
in cavity) 
Green residue Zinc salt 2Co(NO;); —- 2CoO--4NO;--O; 
CoO + -ZnO —-—  CoZnO, 
(Zn oxide (Green residue) 
in cavity) 


When this bead is heated with coloured mixture, а characteris- 
tic coloured bead of metaborate (metal oxide from metal salt reacts 
with bead) is formed. Thus with copper salts a green metaborate 
(while hot) is obtained in the oxidizing flame : 


CuSO4 —- CuO--SOs 


CuO4-B30s == Cu(BO3)s 
Cupric metaborate 
(Blue green) 

In reducing flame, higher metaborates are reduced to lower 
metaborates or metal, consequently colour changes may occur. Thus 
in case of cupric metaborate the following changes occur in the 
reducing flame. 


2Cu(BO2) + © — 2CuBOs + B203+CO 
(From reducing Cuprous metaborate 
flame) (Colourless) 
2CuBO2+C——> 2Cu + B,203+CO 
(Reddish) 


Procedure for a borax bead test. Take a platinum wire 
and make a loop at the end of the wire. Heat the loop in flame and 
dip it into borax powder taken in a watch glass. Heat it again, 
when the borax swells up and then melts to form a colourless, trans- 
parent bead which fills the loop completely. If the bead is not 
colourless and transparent, jerk it off, and prepare the bead again. 
Now bring the hot bead in the cantact of a coloured salt and heat it 
again, first in oxidizing flame [Fig. 8.3 (a)] and then in a reducing 
flame [Fig. 8.3 (b). Note the colour of the bead in each case (hot 
and cold) and draw the inference (Table 8.6). 


Notes about borax bead test 


1. Before touching the borax bead with the test salt or mix- 
ture, make sure that the bead is transparent and colourless. If it is 
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Table 8.6. Borax-bead test 


Observation 


In oxidizing 
flame 


In reducing 
flame 


Inference 


Chemistry involved 


Green when hot 
blue when cold 


Reddish brown 
when hot, yellow 
when cold 


Violet, hot or 
cold 


Brown, hot or 
cold 


— Copper 


Colourless when Copper 
hot red when 
cold 


Yellow when Tron 

hot, green 

when cold 

Colourless, Mang- 

hot or cold anese 
EY Nickel 


CuSO,+-B,0, — Cu(BO,), 
(From +80, 
Ъеад) (Сгееп 
when hot, 
blue when 
cold) 
2Cu(BO;).+C —+ 2CuBO, 
+B,0,+CO 
(Colour- 
less when 
cold) 


2CuBO,4-C —+ 2Cu+B,0, 
TCO 
(Red when 
hot) 


In both the types of flames 
Fe(BO,), is formed 


In both the types of flames 
Mn(BO,), is formed 


Ni(BO,), is formed 


Grey when cold Nickel . Metallic nickel is obtained 


^ (a) 


(b) 
Fig. 8.3. Carrying out à borax-bead test. 


mo ее 
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coloured, the platinum wire is not clean. In such cases, jerk off the 
bead by a tap with your finger at the glass rod carrying wire. Prepare 
a fresh bead once again until it is colourless and transparent. 


2. Do not perform this test with a colourless salt or mixture. 


_ 3. Always use a very small amount of the coloured salt or 
mixture. 


4. The students should keep in mind that colour of the bead 
changes with temperature. 


The physical examination and dry tests, thus, can help in identi- 
fying the anion and cation present in a given salt. However, it is 
essential that wet tests should be performed to confirm their presence. 
We shall now proceed with the identification of the anion present in 
the salt. 


8.4. Detection of Anions 
For identifying, the anions are divided into three groups : 


(i) Dilute sulphuric acid group. This group includes carbo- 
nate (COs?-), bicarbonate (НСОз“), sulphite (50427), sulphide (527) 
and nitrite (NO37) anions. 


Л (ii) Concentrated sulphuric acid group. This group 
includes chloride (CI), bromide (Br-), iodide (I~), nitrate (NO37) 
and acetate (CHa3COO ) anions. 


(iii) А group. not identified by dilute or concentrated 
sulphuric acid. This includes sulphate (5042-) and phosphate 
(PO4?-) anions. They are identified by other reagents. 


Preparation of salt solution. А salt solution is prepared for 
performing wet tests for anions. Some salts are very soluble in water, 
whereas others are partially soluble or totally insoluble in water. 
Thus, we may prepare the aqueous solution (called water extract) or 
sodium carbonate extract of the salt depending upon its solubility. 


Water extract. All common nitrates, nitrites and many other 
salts are soluble in water. 


Boil 1-2 g of the salt with 10-20 ml of distilled water for 5 min. 
If the salt dissolves completely, add more of it in small quantities to 
obtain a concentrated solution. If there is any suspension, filter the 
solution. This solution is known as water extract (we shall refer to 
it as W.E.) 


Sodium carbonate extract. If the given salt is not completely 
soluble (insoluble) in water, its sodium carbonate extract is prepared, 
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Take 1-2 2 of the salt and 4-8 g of sodium carbonate in a china 
dish. Add about 20 ml of distilled water and boil for about 20 min 
(Fig. 8.4a). Filter when hot (Fig. 8.45). The filtrate thus obtained 
is called sodium carbonate extract (we shall refer to it as S.E.). 


On boiling the salt with water and sodium carbonate, double 
decomposition take place forming carbonate of metallic part 
(insoluble) and sodium salt of the acid radical (soluble). For example, 
when insoluble barium phosphate salt is boiled with sodium carbo- 
nate solution, barium carbonate (insoluble) and sodium phosphate 
{soluble) are formed. 


SALT + PURE Ма, CO3 
DISTILLED WATER 


SODIUM CARBONATE 
EXTRACT 


Fig. 8.4. Preparation of sodium carbonate extract. 


Bag(PO4)o+3Na2CO3 —— 3BaCOs + 2Nas(PO4)s 
(Insoluble) (Soluble) 


Sodium carbonate extract contains an excess of unreacted 
sodium carbonate which interfere in the usual tests of anions. Thus. 
it is imperative to destroy the excess of sodium carbonate, This ig 
accomplished by acidifying the extract, The choice of the acid 
depends upon the anion to be tested. 


Dilute sulphuric acid group 


id (Table 8.7) and observe 
2 d i finding out which one 
of the following anions is present : (i) carb 


onate, (ii) bi 
(iii) sulphide, (iv) sulphite, and (у) nitrite, (0 bicarbonate; 
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Table 8.7. Identification of CO32-, НСОз, 52, 
5052" and МО“ 


Experiment 


Observation 


Take a little of the salt ina 
test tube and add dil. H,SO,. 
Observe’ if any reaction 
takes place incold. Warm 
gently and observe the gas. 


If there is brisk efferves- 
сепсе, pass the саз through 
lime water (Fig. 8.5) 


If a rotten egg smelling gas 
evolves, bring a piece of 
filter paper soaked in 


(i) acidified lead acetate 
solution near the gas 


(ii) acidified potassium per- 
manganate near the gas 


(iii) acidified potassium 
dichromate near the gas 


To 1 ml of W.E. or S.E. add 
a few drops of sodium nitro- 
prusside solution to which 
afew drops of alkali has 
been added 


Acidity 1 ml of S.E. with 
dilute acetic acid and add 
1 ml of lead acetic solution 


Add 0'2 g of cadmium car- 
bonate (powder) to 2 ml of 
S.E. and shake well. 


On treating the salt with dil. 
H,SO,, if there is suffocating 
odour of burning sulphur 
(pungent gas) bring a filter 
paper soaked in 


(i) acidified potassium per- 
manganate near the gas 


(i) Brisk effervescence 
(due to evolution 
of CO,) 

(ii) Rotten egg smelling 
gas(due to evolut- 
tion of H,S) 


(iii) Suffocating odour 
of burning sulphur 
(due to SO.) 


(iv) Light brown gas 
with punzent odour 


Solution turns milky 
(due to the formation 
of CaCO;) 


Paper turns black (due 
to formation PbS) 


Violet colour decolou- 
rizes (due to formation 
of MnSQ,) and a yellow 
turbidity of S appears 


Acquires light green 
colour (due to forma- 
tion of Cr, (SO), and 
a yellow turbidity of S 
appears 


Violet or purple colour 
due to formation of 
Na,[Fe(CN);NOS] 


Black ppt. (due to for- 
mation of PbS) 


Yellow ppt. of CdS is 
obtained 


Violet colour decolou- 
rizes due to formation 
of MnSO, (colourless) 


Inference 


СО,2- or 
HCO,- present 


S*- present 
SO,- present 


NO, present 


CO,- 
confirmed 


S*- confirmed 


S*- confirmed 


S*- confirmed 


S*- confirmed 


S* confirmed 


S°- confirmed 


50,2- 
confirmed 
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(ii) acidified potassium 


Orange colour turns SO,- 
dichromate near the green dueto formation confirmed 
gas of Cra(SO,)3 

idify 1 ml of S.E. with А white ppt., soluble in SO,-* 

5. de MSto acid, boil off. dilute НС! is obtained ^ confirmed 
CO, gas and now add 1 ml (BaSQ,) 
of BaCl, solution. 

9. On treating the salt if Paper turns blue due to NO; 
brown gas evolves bring a | the reactions of starch confirmed 
small piece of filter paper . and I, 
dipped into starch+KI solu- 
tion. 

10, Neutralize 1 ml of S.E. with On standing a yellow NO,- 
acetic acid. Add ‘of 402g ppt. of confirmed 
KCl+4 drops of cobalt K,Na[Co(NO,)s] is 
chloride and warm. obtained. 

ED 

BLUISH 
ake 
(8 co GAS 


DIL. H, SO, 


LIME 


Fig. 8.5. Passing carbon dioxide through lime water. 


Distinction between carbonate and bicarbonate 


divide it into 2 parts, 


cence due to evol 


Dissolve about 0: 
(a) To Ist 


NagCO3+2HCl 
NaHC0;3+ HCI 


part add a few drops of dil. HCI. 
ution of CO3 indicates, bicarbonate 


5 g of the saltin 4 ml of distilled water and 


A brisk efferves- 
or carbonate. 
== H20-4-CO»--2NaCI 


—— NaCl+H20+ CO, 


— и“ 


2 
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(b) То 2nd part ада 0'5 ml of MgSO, solution and shake well. 
Formation of a white ppt. in cold confirms the presence of soluble 
carbonate. 

Mg?*t--COg?- —— MgCOs| 
White ppt. 
If no ppt. appears in cold, then heat to boiling. Formation of a 
ране ppt. confirms the presence of bicarbonate : 
Mg2+--2HCOs- —= Me(HCO3g)s 
Mg(HCOs)2 —— MgCOs | +H20+CO2 
(White ppt.) 


The chemistry involved in the tests performed (Table 8.7) to identify 
0052“, HCO”, 527, 5052 and NO27 ions is outlined below : 


Reactions : 
1. (i) Carbonates and bicarbonates decompose on reacting 


with dilute sulphuric acid. Carbon dioxide gas evolves with brisk 
effervescence 
CaCOs+HeSO4 —- CaSO4+H20+CO2(g) 
2NaHCO3+HeSO4 —> NasSO4+2H20+2C02(g) 
(iii) Sulphides react with dilute sulphuric acid and a rotten-egg 
smelling hydrogen sulphide gas evolves. 
NaoS-+HeSO4 —=> NasSO4--HoS(g) 
(iii) Sulphites when react with dilute HəSO4 give suffocating 
odour of burning sulphur (pungent smelling sulphur dioxide gas). 
NasSOs--HeSO4 ——> NasSO44-H30--SO»(g) 
(iv) Nitrites react with dilute H2SO4 giving brown coloured 
NO» gas 
2NaNOs--HsSO4 —-» NagSO44-H90 4- NO(g)H- NOs(g) 
2. Lime water reacts with carbon dioxide gas and turns milky 
due to the formation of calcium carbonate. 


Са(ОН) + CO —— CaCOs(s) 
Lime water (Milky white) 

Precipitate of calcium carbonate reacts with more of carbon 
dioxide and milkiness disappears due to the formation of soluble 
calcium bicarbonate, 

CaCOs(s)--COa ——> Ca(HCOs)a(aq) 
(Insoluble) (Soluble) 
3. (i) Lead acetate paper acquires black colour on interacting 


with hydrogen sulphide gas. Тһіѕ іѕ due to the formation of lead 
sulphide (black in colour). 


(CH3COO)sPb--HsS —-» 2CHaCOOH--PbS(s) 
(Black) 
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(ii) The violet colour of the potassium permanganate paper is 
discharged due to the formation of manganese (П) sulphate (colour- 
less) and a yellow deposit appears. KMnO4 oxidizes H2S ay с 

5825 ——> KeSO4+2MnSOa(a SH» 5 
Бао Hes Oat SEN Canna (Yellow) 

(iii) Orange coloured potassium dichromate paper acquires a 
green colour due to the formation of chromium (III) sulphate (green) 
and a yellow deposit appears. КоСтОг oxidizes HoS to give S. 


“e 
K2Cr207+4H2S04+3H;S ——> Ke2SO4+ Crs(SO4)a(aq) 
(Orange) (Green) 
+7H20 + 3S(s) 
(Yellow) 
4. Sulphides react with sodium nitroprusside forming a violet 


coloured complex, Na4[Fe(CN)5 NOS]. 


NagS -Nas[Fe(CNs)NO) —> Naa[Fe(CN)sNOS](aq) 
Sodium nitroprusside (Violet) 
БА 


Sulphides react with acidic lead acetate solution forming 
black precipitate of lead sulphide. 


H2S-++(CH3COO)sPb —— 2CHsCOOH-+ PbS (s) 


(Black) 
6. Sulphides react with cadmium carbonate. A yellow preci- 
pitate of cadmium sulphide is obtained. 


NagS+CdCO, —-— NazCO3+ CdS (s) 


(Yellow) 

7. (i) The violet colour of potassium permanganate paper is 
discharged on Teacting with sulphur dioxide due to the formation of 
manganese (II) sulphate. Sulphur dioxide acts as a reducing agent. 

2KMnO4+ 3H2SO4 —— K2504+2MnS04+3H20 + 5(О) 

5S02-I-5H30-- 5(0) —— 5H$S04 


DET 580» +26%0 —— K2SO4--2H3804--2Mn804 
iole 


(Colourless) 
(11) Orange coloured potassium dichromate Paper acquires a 
light green colour on 


г Teacting with sulphur dioxide and due to the 
formation of Cre(SO4)s. Sulphur dioxide acts as a 


n reducing agent. 
KeCrg07+H2S04+ 3802 —- KeSO4+ H20+Cre(SOa)3 
(Orange) (Green) 

8. Sulphites react with barium chloride solution forming a 
white precipitate of barium sulphite. Barium sulphite is soluble in 
dilute hydrochloric acid. 

NagCOg+BaClo — > 2NaCI-- BaS05 (s) 
(White) 
BaSOs--2HCI 


—— BaCls-- H0-- S0; 

urns blue due to the liberation of 
cid which reacts with starch, 

—— 2H20+2NO+1, 

(From NO,-) 

olouration 


9. Starch-iodide paper t 
iodine from iodide by nitrous a 


KI+2HNO, 


la--Starch —-, Blue с 


кәс. 
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10. Nitrites react with cobalt chloride in the presence of acetic 
acid. A yellow crystalline precipitate of Кә Na[Co(NOs)e] is 
formed, 

6NaNO2+2KCI+CoCls —— а ако (s)+5NaCl 

llow) 


ellow, 
Concentrated sulphuric acid group 


Take about 0:5 g of the solid salt or mixture in a dry test-tube, 
add about 1 ml. of conc. HəSO4. Warm the contents (do not boil). 
Look for the presence of : (i) chloride, СТ, (ii) bromide, Br, 
(iil) iodide, I~, (iv) nitrate, МОз and acetate, CH3COO™. 


Table 8.8. Identification of CI, Вг”, І, Мо 3 and СН:СОО- 


Experiment Observation Inference 


1. Take a small quantity of the {i) Pungent smelling CI- 
salt in a test-tube and add conc. and irritating gas present 


H,SO,. Observe ifany reac- (due to evolution of 
tion takes place in cold. Warm HCI 
gently and observe the gas (ii) Reddish brown fumes Br- 
evolved. evolves (may be due present 
to HBr and Bra) 
(iii) Violet vapours T- present 


(iv) Light brown fumes NO, 
with a characteristic present 
irritating smell (due 
to NO, gas) 

(у) Vinegar smell CH,COO- 

present 
2. If a pungent smelling gas evolves 
(i) bring a glass rod carrying a Dense white fumes of ^ Cl- 
drop of ammonia solution INH4CI are produced present. 
near the issuing gas (Fig. 8.6) 
(ii) add a small amount of MnO, Greenish yellow Cl, СІЗ 
to the reaction mixture and gas evolves. It has a present 


heat it, pungent odour 
(iii) Bring moist iodized starch- Dark blue colour cl 
paper near the opening of appears. present 


the test-tube in (ii). 


idify 1 ml. of W.E. or S.E. Dirty white ppt. of CI 
US E HNO, and add AgCI appears which ^ confirmed. 


i turns grey on getting 
МОМ E exposed to light 
i onia to ppt. dissolves forming a Cr 
na ded hie pnt df AgCl soluble complex confirmed. 


i t: Take a Red vapours of chro- ст 
Ü pA ИТ part) and myl chloride аге pro- confirmed 
K,Cr,O; (1 part) ina test tube. duced. 
Add conc. H,SO, and heat 


Pass the red yapours of CrO,Cl, Yellow solution of Cl 


i i dium chromate is confirmed. 
through dil. NaOH solution son 5 mt 
i i cl 
idi tion with Yellow ppt. of lead 
Acidify the yellow Smad acetate chromate is obtained confirmed, 


solution. 
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5. Ifasalt on treating with conc. 
HSO, produces brown fumes 
of HBr and Br, 


(i) add а small quantity of MnO, 
to the reaction mixture and 
heat it 

(i) Expose a starch paper to 
the issuing fumes 


6. (i) Acidify 1 ml of W.E. or SE, 
with dilute HINO, and add 
AgNO; solution 


(i) Add- aqueous ammonia 
solution to the yellow ppt. 


7. Acidify 1 ml of W.E. or S.E: 
with dilute #,80,. -Add 2 ml 
of an organic Solvent (С5;, 
СНС, СК or benzene) 
followed by chlorine’ water. 
Shake the tube well, 


8. Ifasalt on treating with conc. 
#:50, produces violet vapours 
of iodine 
(5) add a small amount of MnO, 

to reaction mixture and heat 
(i) Expose a starch Paper to the 
issuing vapours. 


9. (0 Acidify 1 ml of W.E. or S.E, 
with dilute HNO, and add 
AgNO, solution. 


(ii) Add aqueous ammonia solu- 
tion to the yellow ppt. 

10. Acidify 1 ml of W.E. or S.E. with 
dilute H,SO,. Add 2ml of an 
Organic solvent (CS,, CHCI,, 

Cl, or benzene) and about 1ml 
of chlorine water. 
Shake well. 


11, Ifa salt on reacting with conc, 
H,S0, produces light brown 
fumes, 

(i) add copper turnings to the 
reaction mixture and heat 


(i) Expose a moist potassium 


lodide paper to the issuing 
fumes 
(iti) Expose a Moist iodized 
starch paper to the issuing 
fumes. 
12. To W.E. add freshly prepared 
ferrous sulphate solution follo- 


wed by conc, H,SO, along the 
side of the tube, 


Dark brown fumes of 
Br, evolve 


Starch 
yellow. 


Light yellow curdid ppt. 
of AgBr 


paper turns 


Sparing soluble in 
ammonia solution 


Organic layer acquires 
yellow, гей or brown 
colour depending on 
the concentration of 
Br; and on the solvent 


Dense violet vapours 
evolve 


Starch paper turns 
blue, 


Yellow curdid ppt. of 
AgI 


Insoluble in aqueous 
ammonia 


Organic layer extracts 
iodine and becomes 
red-violet. 


Dense brown fumes 
evolve 

The paper acquires 
yellow colour 
The paper acquires a 
blue colour 


Conc. HSO, forms 
the bottom layer. A 
brown ring appears at 
the junction of the two 
liquids due to the for- 
mation of complex. 


Br- 
present 


Br- 
present 
Br- 
confirmed. 


Br- 
confirmed. 
Br- 
confirmed. 


r 
present 

I 
confirmed. 
1- 
confirmed, 


r 
confirmed, 


I 
confirmed. 


NO,- 
present 
NO,- 
Present 


NO,- 
Present 


NO,- 
confirmed. 
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13. If a salt on reacting with conc. Pleasant odour CH,;COO- 
H.SO, gives vinegar smell, present 
add a few ml of ethyl alcohol 
14. To W.E. add neutral ferric Blood red coloured CH;COO- 
chloride solution solution confirmed. 
Heat the blood-red coloured A red brown ppt. of | CH,4COO- 
solution basic acetate is preci- confirmed. 
pitated 


Fig. 8.6. Testing the issuing gas wiih reagent-dipped glass rod 


The chemistry involved in the tests performed (Table 8.8) to 
identify CI, Br, I, NOs and CH3COO-* is outlined below : 


Reactions. 1. (i) Chlorides react when heated with conc. 
HaSO4. A pungent smelling and irritating gas evolves. 


NaCl-+-HeSO4 — > NaHSOa+HCl (2) 
hydrogen chloride 
(ii) Bromides react when heated with conc. Н2504. Reddish 
brown fumes evolve with a penetrating odour of a mixture of hydro- 
gen bromide and bromine. 502 is also produced as HBr produced 
in reaction acts as reducing agent. 


NaBr--HsS04 — > NaHSOs+HBr(g)  . 
Hydrogen bromide 


онвг-- 12504 —> Bra (g)-SOx(g)--2H90 
Sulphur dioxide 
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Hi i t when heated with conc. H2504. Dense violet 
Aoa Sone hydrogen iodide gas also forms which reduces 
#2504 to 502, #25 and S. 
Мај-- 82504 —-» NaHSO4+HI (g) } 
Hydrogen iodide 
I--HaSO4 —> 2H30-4-I )-- SO» (g) 
eer 1:00 ale Sulphur dioxide 


6HI--H$S04 —— 35--5 (s)+4H20 
Sulphur 


8HI+H2SO4 ——> 4Io+HeS (g)-+-4H20 
Hydrogen sulphide 
(iv) Nitrates react when heated with conc. #2504. Irritating: 
brown fumes of nitrogen dioxide evolve. 
NaNO3+HeSO4 —— NaHSO4--HNOg 


4НМОз —— 2820+0;-44М0; (2) 
Nitrogen dioxide 


(v) Acetates react when heated with conc, #»504. Acetic acid 
is formed which smells like vinegar. 


2NaOOCCH3+He2S04 —> 2снасоон +Ма280а 


2. (i) Aqueous ammonia reacts with hydrogen chloride gas. 
forming dense white fumes of ammonium chloride 
NHs3+HCl —— NH4CI (g) 
(Dense white fumes) 


(ii) Manganese dioxide oxidizes hydrogen chloride to chlorine- 
gas (greenish yellow) 


MnOs--4HCI —— MnCh-F2H0-4- Ct; (g 
(Greenish yellow) 
(iii) In the presence of Cle iodine vapours are produced which 
in turn react with starch Paper imparting dark 5 


blue colour 
2KI+Ch —— КОЕТ, (g) 


5 (i) Solution of chlorides react with Silver nitrate forming a. 
dirty white precipitate of silver chloride. Tt turns grey on getting 
exposed to light. 


NaCl--AgNOs —-— N: aNO3+AgCl (s) 


(Dirty white) 
(ii) The ppt. of AgCI dissolves in aqueous ammonia formi 
soluble complex, [Ag(NHs)a]CI. orming a 


AgCHH-2NHg —— [Ag(NHa)j]CI (ад) 
Diammine silver chloride 
4. A mixture of chloride and рог 


assium dichromate ith conc. 
#2504 give red vapours of chromyl chi NAMES) 


опде, CrO2Clg 
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Heat 
4NaCl-+ KeCr207+3H2S04 —— KS04+2NaaS04+3H20 
+ 2СтОгСЂ (g) 
(Red vapour) 
Chromyl chloride 


Red vapours of CrOsCls, when passed through a solution of 
sodium hydroxide, react to form a yellow solution of sodium chro- 
mate 

CrOsClo--4NaOH —= 2NaCl+2H20 99880104 


odium chromate 
Sodium chromate reacts with lead acetate in the presence of 
acetic acid to give a yellow precipitate of lead chromate. 
NagCrOa+-(CHsCOO)2Pb —— CHsCOONe-F PoCrOA(S) 


'ellows) 
Lead chromate 


5. (i) Manganese dioxide oxidizes hydrogen bromide gas to 
bromine vapours. 
Mn03--2HBr4- 2504 —> MnS04--2H30 +Bra(g) 
(Brown) 


(ii) Bromine vapours react with starch forming a yellow 

coloured complex, hence the paper becomes yellow. 
. 6. (i) Solution of bromides react with silver nitrate forming 
a light yellow curdid ppt. of silver bromide. 
NaBr+AgNOs —> NaNOs+AgBr 
(Light yellow) 

(ii) The ppt. of AgBr is sparingly soluble in aqueous ammonia 
solution, forming a soluble complex, [Ag(NHs)2]Br2. 

7. Chlorine water oxidizes bromides to bromine. Organic 
solvent extracts the liberated bromine and acquires a yellow orange 
colour depending upon the concentration of bromine and on the 
solvent. 

2NaBr+Cle —> 2NaCl + Bra 
(Soluble in organic 
solvent) 

8. (i) Hydrogen iodide is readily oxidized to iodine by 
manganese dioxide when more of violet vapours of iodine evolve. 


Mn03--2HI4-HoSO4 —-> MnSO4--2H90 Us To(g) 


iolet) 

(ii) Iodine vapours react with starch forming a blue coloured 
complex ; hence the paper becomes blue. 

9. (i) Solution of iodides react with silver nitrate to give a 
yellow curdid precipitate of silver iodide. 


Nal--AgNOs —> NaNOs-- Agl(s) 
(Yellow) 


(ii) The precipitate of Арт is insoluble in aqueous ammonia. 
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10. Chlorine water oxidizes iodides to iodine. Organic solvent 
extracts the liberated iodine and acquires red violet colour. 
2NaI+Cle —— 2NaCl + Ip $ 
(Soluble in organic 
solvent) 


11. (i) Copper turnings react with nitric acid produced in the 
reaction mixture forming more of nitrogen dioxide, hence the dense: 
brown fumes. 

Мако + 280, —- HNO3+ NaHSO, 


Cu--4HNOsS —— GUND eet 20 +2NOa(a) 
Nitrogen dioxide 


(ii) Iodine liberates during the reaction and the paper absorbs 


iodine which imparts yellow colour. 


NOs--2KI--Hg0 — 2KOH--NO--Is(g) 


(iii) Todine liberates during the reaction and it interacts with: 
Starch forming a blue coloured complex. 


z A CONG, H2, SO. 
12. .Nitrates react with ferrous za 5 


| 
Ferrous sulphate, at first, reduces | 
the nitrate to nitrite and then to nitric | 


Oxide. This oxide coordinates to the uno- | —4RON (11) 


xidized portion of ferrous sulphate. sonia 
МО --H* — HNO, (UPPER LAYER) 
7HNOs--3H$S044- 6FeSO4 223090082 BROWN RING'AT- 
UNCTION 
FeSOs-FSH;O--NO —- [Fe(H20)sNO]SO4 ^ 
rown ring) "CONG. ACID 
13. Acetic acid and its salt form, (LOWER LAYER, 


under the action of ethyl alcohol in the Pre- Fig. 8.7. B Iz test 
sence of sulphuric acid, form ethyl acetate ^ 7 for nitrate s 
which is detected by its pleasant odour, 


H,SO, 
CH3COOH*+++HOC2H; = " CH;COO C;H; НО 
14. Ferric salts with acetate ions form ferric acet ich i 
recognized by its blood-red colour. ae nene 


3CH3COONa 4- FeClg —— (CH3COO);Fe-L3NaC] 
(Blood-red) 


On dilution and heating, basic acetate is precipitated, 
(CHsCOO)3Fe+2H20 — [CHsCOO(OH) 


Anion which cannot be identified on Teacting with. di E 
conc. Н504, are listed below. Е with dilute or 


"БРДА 
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(i) Sulphate, 5042 ; and (її) phosphate ; 5048. , 


Such anoins are identified and thus confirmed by usi: i 
using sodium 
carbonate exract only. Some other tests can also be Pero. 


Proceed as given in Table 8.9. 
Table 8.9. Identification of 5047, and PO, 


Experiment Observation Inference 


1. Acidity 2-3 ml of W.E. or 
S.E. with dil. HCl and 
divide the solution in 
two parts. 
(i) To one part add barium - White ppt. ofBaSO;isobtained.  SO;- 
chloride solution. Insoluble in all mineral acids. confirmed 


(ii) To the other part of the + White ppt. of lead sulphate 15 SO,* 
solution add acetic acid obtained which is soluble in confirmed. 


and lead acetate solution ammonium acctate solution, 
due to the formation of soluble 


lead acetate. 


2. Acidify 2-3 ml of S.E. Slow formation of canary- PO? 
with dil. HNO;. To this yellow ppt. of ammonium present 
add 2-3 ml of conc. phosphomolybdate takes place. 


HNO, and 5 ml ofam- 
monium molybdate solu- 
tion, Now heat the 
contents. 


9 
The chemistry involved in the tests performed (Table 8.9) to 

identify 5042“ and РО45 is outlined below : 

Reactions 
1. (i) Solutions of sulphates react with barium chloride and 

form a white precipitate of barium sulphate which is insoluble in all 


Mineral acids. 


NagSO4+BaCle —-— 2NaCl+ BaSOa(s} 


(ii) Solution. of sulphates react with lead acetate and form a 
white precipitate of lead sulphate. 
NaoSQ4-+(CHsCOO)2Pb —— 2CHSCOON PESO eG) 
ite, 
Precipitate of lead sulphate dissolves in ammonium acetate 
solution due to the formation of soluble lead acetate. 
C H4 —-» (NHa)2S0a+- CHgCOO)2Pb 
PbSOs+20HsCOON ~ ; ; Lead acetate 
2. Solutions of phosphates react with ammonium molybdate in 
the presence of pd nitric acid to yield а canary-yellow рге“ 
cipitate of ammonium phosphomolybdate. 
NasHPO,+ 12(NH4)aMo0s+23HNOs —> (NH Meno 
--2NaNOs-d- 12NH4NOs-d- 12Ha0' . 
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8.5. Detection of Cations 


i are divided into analytical groups. The classification 
of iie Son into analytical groups is based on the solubility of 
ome salts which they form on reacting with reagents. All cations 
Hate been divided into six analytical groups on the basis of the 
difference: in solubilities of their chlorides, sulphides, hydrnxides and 
carbonates under different conditions „of acidity and alkalinity 
(Table 8.10). The reagent used to precipitate the specific group is 
known as a group reagent. 


Table 8.10. Classification of cations into groups 
Group Group reagent 


I Dilute НСІ Pb** and Hg;**(precipatated as chloride) 
II HS in acidic medium (НСІ) Hg*, Cu'*, Cd** As** and Sb** 
(precipiteted as sulphides) 


Cations 


Ш NH,OH in е presence Fe**, Fe** and Ај+ 
of NH,GI (precipitated as hydroxides) 
IV HSin alkaline medium Мі, Zn** Mn* and со»њ 
(NH,OH) (precipitated as sulphides) 
У (МН,),СО, in alkaline Ca*, Ba** and Sr2+ 
medium (NH,OH) (precipitated as carbonates) 
VI Мо common reagent Mg'*, NH,*, К+ and Nat 


ог coloured) salt solution (called original Solution, O.S.). 
Purpose, take about 0'1 g of the salt 
about 2 ml of 


(1) distilled water (cold or hot), 
(ii) dilute hydrochloric acid (cold or hot), or 
(iii) concentrated hydrochloric acid (cold or hot). 


The solvents listed above Should be tried one by one in the 
given order. After selecting the suitable Solvent, prep. 


J are the O.S. by 
dissolving about 1 g of the salt in 10-15 ml of the воју 


ent. 
Notes. (1) For the Preparation of O.S. first 
salt in a cold solvent (water, dilute ћу 
hydrochloric acid), 
cool the solution and 
try the next solvent, 


Ў tty to dissolve the 
t drochloric acid or concentrated 
If it does not dissolve, heat it. In such а case, 


see if the salt Separates out or not, If it does, 


(ii) If the solution is prepared in concentrat 
acid, it should be dilute ea 


d b hydrochloric 
: efore Proceeding with rochlori 
analysis. 


the cation 


(iii) The effect of the solvent on the salt should be for a suffi- 
cient period. 
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(iv) The least quantity of the acid 
paration of original solution. апош Pe sed ора 
(v) At this level, it is advised not to employ HNO. 
as solvent, as they interfere in the usual ES Guta con 
precipitates Ba?*, Sr2+, Ca?* and Pb?* as their sulphates and thus salt 


containing these cations will never dissolve. 
The classification and separation of all the six grou 
H H B [9 
basis of group reagents is portrayed in the flow chart. dic 
Original Solution 


+ 
dil. HCl 
| Filter 
+ * 
ppt. filtrate (subsequent groups) 
Group I Warm 
Pb2+, Наг“ | -на! 
as chlorides | +H2S 
| Filter 
* * 
Filtrate 


ppt. 
Group II Boil off HaS and add HNO; and heat 


(Pb2+, Hg?*, Cu?* and Cd?*) | Cool the solution and add 
As8+, and Sb9* | 4-NH4CI 
as sulphides | --NH4OH 
| Filter 
* * 
ppt. Filtrate 
Group III | -NH4OH 
(Fe?*, Без+ and А18+) | +HeS 
as hydroxides Filter 
+ 
m Filtrate 
Group íV | Boil off HaS cool and 
(Zn?*, Ni2*Mn?* and Co?*) | add 
as sulphides | 4- NH4CI 
| +NH,OH 
| +(NHa)2COs 
| and warm 
| Filter 
+ | 
ppt. E 
Group V Filtrate 
(Ca?*, Ba?* and Sr?*) Group VI 
as carbonates (МНа?, Mg?*, ма“ & К+) 


Analysis of Group I Cations, (Pb?* and Не") 

Take about 10 ml of the aqueous original solution, and add a 
slight excess of dilute HCI. Formation of a white precipitate indicates 
the presence of group I. Filter the precipitate (Fig. 8.8). Keep the 
filtrate for the analysis of the subsequent groups. Analyze the ppt. 


for the cations of first group as given in the Table 8.11. 
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Fig. 8.8. Filtration of precipitate Fig. 8.9. Washing of precipitate 


Table 8.11. Analysis of group I cations (Pb?* and Hg»?*) 


Experiment Observation Inference | 
1. Wash the ppt. (Fig. 8.9) The ppt. dissolves Pb* present 
and add 2-3 ml of distilled 


water to the white ppt. 
and heat. Divide the 
hot solution in four parts. 


(i Cool one part under @ White ppt. of РЬСІ, Pb** confirmed 
tap water Separates out, 


(ii) To the second partof (li) Yellow Ppt. of PbCrO, Pb** confirmed: 
hot solution add appears. 
Potassium chromate 


solution. 
(ii) To the third part of (iii) Yellow Ppt. of PbI, Pb** confirmed 
hot solution add appears, 
potassium iodide solu- 
tion. 


(iv) To the fourth part of (iv) White ppt. of PbSO, Pb** confirmed 
* hot solution add appears. 


dilute H,SO, and a few 
drops of alcohol. 


2. If the white ppt. does not The t. dissolves 2+ 
dissolve in hot water ЈЕ Ne Hg, t 
filter and treat the white presen 
ppt. with minimum 
volume of aqua regia (1 
part conc. HNO, and 3 
Parts conc. HCl) Heat to 

ess. Treat the solid 
mass with water. Divide 
the solution in two Parts 
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(i) To one part of the Red ppt. of Неї, appears Hg,** 
solution add KI сој 
solution 


(The reaction should Red ppt. dissolves 
be carried out at forming a complex 
pH<7) 

Add excess of KI 

solution 


(ii) To the other part of А white ppt. appears. Не,2+ 
the solution add an At times, a block ppt. appears confirmed 
equal volume of 
freshly prepared 
SnCl, solution 


Notes. (i) If the O.S. is prepared in dilute hydrochloric acid 
(cold) group Lis absent. Proceed directly for the subsequent groups. 


(11) If the O.S. is prepared in concentrated hydrochloric acid, 
dilute the solution. If the precipitate appears on dilution, analyze it 
for the presence of lead (Group I). 


The chemistry involved in the tests performed (Table 8.11) 
to identify Pb?* and Hg»?* is outlined below : 
Reactions 


1. Lead salt solution on reacting with dilute hyhrochloric acid 
forms white precipitate of lead chloride which is soluble in hot water. 


Pb?---2HCI —— PbCle { --2H* 
(White) 


(i) Lead chloride appears on cooling the solution under tap 
water. 


(ii) Lead salt solution reacts with potassium chromate to give 
yellow ppt. of lead chromate 


PbCla (aq)--KaCrO4 —— PbCrO, (s)--2KCI 
(Soluble in hot water) (Yellow) 


j (iii) Potassium iodide reacts with lead chloride solution form- 
ing a yellow ppt. of lead iodide. 


PbClo (ag)--2KI ——> 2KCI4-PbIs(s) 
(Yellow) 


The precipitate of lead iodide is soluble in hot solution, which 
reappears on cooling with a distinct shine. 


(iv) Sulphate ions react with lead salt solution and form white 
ppt. (alcohol reduces the solubility of the ppt.) which is soluble in 
ammonium acetate solution 


PbCls(ag) - 2504 —+ PbSO4(s)4-2HCI 
PbSOa(s)+NHaOOCCHs —— (МНа); SO4--PbOOCQHs(aq) 
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2. Aqua regia dissolves the ppt. forming soluble mercuric 
chloride 


HgeCle+ 2HNO3+ 6HCI —> 2HeClo+ 2NaCl+4H20+ Cle 


(i) Mercury salt solution reacts with KI solution. A red ppt. 


of Hgl» appears. 
Hg*++21 — > Hgle(s) 
(Red) 


The red ppt. dissolves in the presence of excess reagent. 
Hgle+2I- —— (HgI4]?- 
(Soluble) 
(ii) Addition of SnCls reduces HgCle to white Hg»Cl. The 
reaction is possible in acidic solution. 
2HgCls--SnClo —— Hge2Cle(s)+ SnCl4 
(White) 
, Further addition of SnCle reduces white HgeCle to a black 
precipitate of metallic mercury 


SnCls--HgoClo —— 2Hg(s)--SnCl4 
(Black) 


Annis of Group II Cations (Pb?*, Hg?*, Cd?*, Cu2+, As9* and 


Fig.8.10. Kipp's apparatus for the continuous supply of Н, 


І the O.S. of the salt does n 


chloric acid or if no ppt. appears when the O.S. is prepared in di 
hydrochloric acid, it means group I is absent. Tae qu dilute 


aS gas 
ot give any ppt. with dilute hydro- 
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Now warm this acidified О.5. and pass hydrogen sulphide gas 
from the Kipp’s apparatus (Fig. 8.10) through the solution. Ifa 
coloured ppt. (black, yellow or orange) isobtained the group Ш appears 
to be present. A black ppt. shows the presence of Pb2*, Hg?* or Cu?*, 
a yellow ppt. shows Cd?* or А58+ and a orange, ppt. shows Sb3*. It is 
advisable to pass H2S gas through a few ml of O.S. initially. If there 
is ppt. then pass HS gas through the remaining solution also. ЈЕ 
there is no ppt. then reject this solution. 


Now separate the ppt. by filtration and reject the filtrate. 
Pb?t+ HS —-» PbS (s)--2H** 
(Black) 
Hg?*-- HS —— HgS+2H+ 
(Black) 


Cu**+H2S ——> CuS (s)2-2H* 
(Black) 
Cd?*+ HeS —— CdS (s)+2H* 
(Yellow) 
(Possible in yery dilute solution only) 
2As8++-3H2S —— Аг (s)-+6H* 
(Yellow) 
2Sb3*--3H9S —- 5653 (s)--6H* 
(Orange) 
Table 8:12. Analysis of group II cations (Pb3*, Hg?*, Спа“, 
Cd?*, As5* and Sb3*) 


Wash the ppt. with hot distilled water and reject the washings. 
Take the washed ppt. in a test tube (Fig. 8.11). 


Experiment Observation Inference 
Black ppt. 
1. Treat the washed black ppt. with А colourless or blue Pb% ог Cu** 
3-4 ml of 50% HNO, and boil coloured solution is ^ indicated 
obtained 


2. To the colourless solution White ppt. (due to Pb*+ 
(From test 1) add 1 ml of 5) present 
alcohol and a few ml of dil. 


S 

Li 4 

Tothe white ppt. add ammo- PbSO, is soluble in Pb% 
nium acetate solution. ammonium acetate present 


solution 
Note. Divide the solution in two parts and perform the tests with 
K4CrO,, and KI as given in Table 8.11. 
To the blue solution (From test A deep blue solution Си» 


1) ада ап excess of aqueous of [Cu(NH,),] (NOs); confirmed 
ammonia solution is obtained. 


9 


4. То the O.S. (ог the solution Reddish brown ppt.  Cu'* 


obtained in test по. 3) add pota- оѓ Cu,[Fe(CN).] confirmed 
ssium ferrocyanide solution appears 
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Sb 


Treat the black residue (From 
test 1) with aqua regia. Heat 
to almost dryness. Extract the 
solid mass in distilled water. 
Divide the solution in three 
parts. 


Note. 


Perform the test with KT. and 


SnCl, as given in Table 8.12. 


То the third part add Cu turnings 


Yellow ppt. 
6. Take the washed yellow ppt. in 


atesttube and boilit with 2-3 
ml of yellow ammonium sul- 
phide. 


. Treat the yellow ppt. with 50% 
HNO, and warm. 


Divide the solution in two parts 


G) To one part of the solution 
add aqueous ammonia solu- 
tion followed by excess of 
ammonia solution. 


Pass HS through the solu- 
tion. 


Gi) To the other part of the 
Solution add K;[Fe(CN),] 


. (i) Take the washed yellow ppt. 


and boil it with yellow am- 
monium sulphide solution (as 
given in test 6). 


(1) То the solution add dilute 
НСІ 


. Dissolve the ppt. obtained in 


test 8 in conc, НМ№О,. To this 

Solution or to the O.S. add 2-3 ml 
of сопе, HNO, and ammonium 

molybdate solution. Boil the 

mixed solution. 


Orange ppt. 
10. (i) Take the washed orange ppt. 


11. 


Um IM E Ea 30 


in a test tube and boil it with 
yellow ammonium sulphide 
(as given in test 6) 


Gi) Acidify the solution with 
dilute НСІ 


Boil the ppt. obtained in test 10 
with 5 ml conc. HCI for 5 min. 
and pass H,S gas through the 
hot solution. 


Grey deposit is seen 
on Cu 


Yellow ppt. remains 
insoluble 


Yellow ppt. is soluble 
and а solution of 
Cd(NO)); is obtained 


А white ppt, of 
Cd(OH), is formed, 
which dissolves іп 
excess of ammonia 


Yellow ppt. of CdS 


A bluish white ppt. is 
formed 


Yellow ppt. dissolves 
forming soluble 
ammonium thioarse- 
nate 


Yellow ppt. of ASS; 
is obtained 


Yellow ppt. of ammo- 
nium arsenomolyb- 
date is obtained 


Orange ppt. dissolves 
forming soluble 
ammonium  thioanti- 
monate 


Orange ppt. is ob- 
tained 


Orange ppt. is ob- 
tained 


Hg 
confirmed. 


Саз+ 
indicated 


Cd** 
indicated 


Саз+ 
confirmed 


cd 
confirmed 
С 92+ 
confirmed 
Аз 
indicated 


Ду" 
confirmed 


As? 
confirmed 


Sb 
indicated 


Sb?* 
confirmed 


Sb?* 
confirmed 


151 


(a) 


(b) 
Fig. 8.11. (a) Removing the ppt. from the filter paper by pierci i 
filter paper, and (b) washing down it with a ficia fon wash bon pu 
The chemistry underlying the tests performed (Tabl ; 
Е = e 8. 
identify Pb?*, Hg?*, Cu2+, Cd?*, As3* and Sb8+ is outlined o. $ 


Reactions 
1. Sulphides of lead and copper dissolve in nitric acid to give 


acolourless solution of lead nitrate and bluish i 
copper nitrate. Sulphur is precipitated. "S HUMOR 
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3PbS+8HNO3 —— Pb(NOs)2+3S-+2NO@4H20 
(Black) (Colourless) 
CuS--8HNOs —— Cu(NOsz)2+3S+2NO$4H20 
(Black) (Bluish-green) 
2. Lead nitrate solution reacts with dil. H2SO4 forming a 
white ppt. of lead sulphate 


Pb(NOs)s--HoSO4 —-> PbSO, (s)+-2HNO3 
(White) 


which can dissolye in the solution of ammonium acetate. 


PbSO4--2NH4OOCCHs —— (CHaCOO)aPb+ (NHa)2SOa 
oluble 


ssolves in excess of ammonia solu- 
tion giving a deep blue solution. Precipitate of Cu(OH)» dissolves 
due to the formation of soluble complex. 
Cu(NOs3)s--4NH4OH —— [Cu(NH3)4] (NOa)e--4H90. 
5 Tetra-ammine 
Copper (I!) nitrate 
(Deep blue) 
4. Copper salt Solution reacts with a solution of potassium 
ferrocyanide giving a chocolate brown ppt. 
2Cu?++ [Fe(CN)g]4- —-* Cus[Fe(CN)g] 
Opper hexacyanoferrate (II) 
(Chocolate brown) 
oh Mercuric sulphide being insoluble, on heating with aqua 
regia goes into solution. 


3HgS +2HNO3+ 6HCI —— 3HgCls -2NO 4-38 --4H30 
(i) HgCle solution ontreating with KT soluti n gives red ppt. 
which dissolves in excess of KT solution, Xs m 
Hg*-p2p- __, Hg Ix(s) 
Red 


Hgh-F21- —— [Hela]? 


Soluble 
complex 
(ii) HgCls solution on treating with SnCle solution reduces to 
metallic mercury. 


2HgCla4-SnClg —+ HgCl + SnCl4 


(While ppt.) 
HgaCla+SnCle —> 2Hg | snc], 


(Black) 
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(iii) On adding Cu turnings HgCle is reduced to Hg which is 
deposited on copper. Displacement reaction takes place. 
HgCle--Cu ——> CuClh+Hg 
(Deposited on Cu) 


us 6. Cadmium sulphide does not dissolve in ammonium sul- 
phide. 


7. Sulphide of cadmium dissolves in nitric acid forming 
soluble cadmium nitrate. 


3CdS+8HNO3 —— 3Cd(NOs)s4-2NO 4-3S4-4H30 

(i) Addition of ammonia solution containing Cd?* ions causes 
precipitation of hydroxide of Cd?* which dissolves in excess of 
ammonia solution forming complex ion [Cd(NHs)4]2* 

Cd?*--2NH40H —— Са(ОН) (s)+-2NHat 
(White ppt.) 
Cd(OH)2+4NH4OH —— [Cd(NHs)a]2++ 4H20+ 20H- 
(Soluble complex) 

When Н25 is passed through the soluble complex, a yellow ppt. 

of CdS is obtained. 
[Cd(NHs)a]2++ H98 ——- CdS (s)2-2NH4*-2-2NHg 
(Yellow) 
(ii) Addition of Ka[Fe(CN)g] solution forms bluish white ppt. 
2Cd2*--[Fe(CN)s]47 ——- Cda[Fe(CN)gl(s) 
(Bluish white) 

8. (i) Yellow ppt. of AsəSa dissolves in yellow ammonium 
sulphide forming a soluble thiosalt. 

AsoS3+3(NHa)2S+2S —=> 2(NH4)sAsSa(aq) 
(Yellow) (Ammonium thioarsenate) 

(ii) Acidification of ammonium sulphide extract containing 
thiosalts of As3* precipitates arsenic (V) sulphide. Some sulphur 
is also precipitated. 

2(NH4)sAsS4-- 6HCI ——- 6МН4С1+3Н25--А 5252 (5) 
(Yellow) 

9. Nitric acid reacts with Аѕ255 and forms soluble HgAsO« 
(arsenic acid). Arsenic salt on reacting with conc. nitric acid is 
oxidized to arsenic acid. 

Arsenic acid solution reacts with ammonium molybdate 
forming a yellow ppt. of arsenomobyldate. 

3AsaS5 + 10HNO3+4H20 — > 6HgAsO4+10NO+15S 

Arsenic acid 
Ha4504-4-12(NH4)gM004--21 HNOs ——> (NEa)s[AsMo1a0a0](s) 


ellow) 
-F21NH4NO0s--12HgO 


154 


te. Phosphate, if present, also gives a similar test (tests). 
As8t+ mead be conte by this test only if PO43- is absent in the 
salt. 


10. (i) Orange ppt. of 56258 dissolves in hot yellow ammonium 
‘sulphide forming a soluble thiosalt. 


S--28 ——- 2(NH4)sSbS4(aq) 
oe Ч a ese ааа о) 


(ii) Acidification of ammonium sulphide extract containing 
thiosalt of Sb3+ precipitates antimony (V) sulphide. Some sulphur is 
also precipitated. 


2(NH4)3SbS4+ 6HCI —— SbeS5(s)+-6NH4Cl+ 3825 
Orange) 


1l. 55255 dissolves in conc. НСІ 
Sb3S5-- 6HCI —— SbCls(ag)-- 28-I- 3HsS 


Now on passing HS 
precipitated as 56258 which i 
colour. 


gas through the solution antimony is 
5 identified by its characteristic orange 


ient time to remove HeS completely and also 
гаје the solution to 5 m]. Add 


about 0'5 ml. of conc. HNOs* and 
boil to oxidize Fe2+ to Fe3*, Oxidation is necessary otherwise preci- 
pitation of iron will be incomplete. Now to this add 0:5 g of solid 
МНАСЋ, followed by aqueous ammonia solution until the solution 
distinctly smells of ammonia. The formation of a precipitate indi- 
cates the presence of group Ш. Filter the precipitate and analyze 


the ppt. of the group III as given in the Table 8.13. Reject the 
filtrate. 


concent- 


3Fe?++-NO3-+-4H+ — 3Fe8++NO+2H,O 
Без» 30H- —_, Fe(OH)s(s) 
(Brown) 
AIS*--30H- —-— AI(OH)s(s) 
(White gelatinous) 


. Note. , Ammonium chi. 
nium hydroxide (common lo 


—————————— 


oride controls the ionization of ammo- 
n effect). In the absence of ammonium 


potassium ferrocyanide, Ap 
sence of Fe?*, 
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*chloride cations of subsequent groups such as Zn?* and Mn2* may 
also be precipitated along with the hydroxides of Fe3* and А]8+. 
Ammonium chloride reduces the concentration of OH- by common 
ion effect and buffer action and thus prevents the metals of sub- 
sequent groups from being precipitated as hydroxides, which have 
of higher solubility product values than those of the hydroxides of 
group III cations. 


Table 8.13. Analysis of group III cations (Fe?*, Fe3* and AI8+) 


Experiment Observation Inference 
1. Treat the brown ppt. of А yellow solution is Fe% 
Fe(OH), with dilute HCI and obtained due to the indicated 
heat. formation of FeCl, 
Divide the solution into two 
parts : 
(i) To one part ада potassium Deep blue colour or Fe*t 
ferrocyanide solution. ppt. is obtained confirmed 
(i) То the 2nd part of the solu- А deep red coloura-  Fe?* 
tion add potassium sulpho- tion results confirmed 
cyanide solution. 
2, (i) To the O.S. add afew drops ^ Deep blue colour or —Fe'* 
of dilute НСІ followed by ppt. is obtained present 
potassium ferricyanide solu- 
tion. 
Gi) To the O.S. add a few drops ^ Мо colouration results Fe*+ 
of HCI followed by potas- present 
sium thiocyanate solution. 
3. Dissolve the white gelatinous А blue floating ppt. А+ 
ppt. in a minimum quantity of in colourless solution confirmed 


dil. HCl. Now add a few drops 
of blue litmus solution followed 
by ammonia solution until the 
solution becomes ammoniacal. 


lake) 


LOT TUE Re Е ИН eem PT 
The chemistry underlying the tests (Table 8.13) performed to 

identify Ее2+, Fe8+ and AI** ions is outlined below : 
"Reactions 
1. The brown ppt. of Fe(OH)s dissolves in hot dilute НСІ 
forming a yellow solution of ferric chloride 


Fe(OH)3+3HCl —— FeCls(aq)4- 3H20 


(Yellow): 


(i) Solution containing ferric (Ш) ions reacts with potassium 
:ferrocyanide, Ka[Fe(CN)g] to give deep blue ppt. (Prussian blue). 


Fe5*--K4[Fe(CN)s] ——- KFe[Fe(CN)g](s)-- 3K* 


(Prussian blue) 
Potassium ferri- 
ferrocyanide 
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(ii) Solution containing Fe (IIT 
thiocyanate solution to give a deep red 
thiocyanate ion, [Fe(SCN)]2+. 


Fe8++SCN- ——> [Fe(SCN)]?+(aq) 
(Deep red) 
2. (i) Solution containing Fe2+ ions reacts w. 
ferricyanide to give deep blue ppt. (Turnbull’s blue) 


Fe?*-- K3[Fe(CN)g] —- KFe[Fe(CN)g]--2K-* 
(Turnbull's blue) 
Potassium ferro- 
ferricyanide 


) ions reacts with potassium 
colouration caused by ferri- 


ith potassium 


(ii) Ferrous ions do not give any colouration with potassium 
thiocyanate solution. 
3. A white gelatinous ppt. of Al(OH)3 is obtained in the 


Teaction solution which absorbs the blue colouring matter of litmus 
and turns blue 


AI(OH)3+3HC] —— AICIg+3H20 


AlCls--3NH4OH —-> 3NH4CIJ- AOH)s(s) 


The ppt. of A(OH 


Ја absorbs blue colouring matter of litmus 
and floats in the bo 


dy of the solution (lake test). 
Analysis of Group IV Cations (Ni?*, Zu?*, Mn?* and Co?+) 


In case the cations from group I, II and III are absent 
Proceed for group IV. 


Take 2-3 ml of the original solution a; 
and aqueous ammonia dropwise until i 
take the solution of group Ш ( 


nd add to it 0:5 g NH4CI 
t smells like ammonia, or 
up IH is absent) smell it 
Now pass H3S gas through 


219 Hos — > ZnS(s)+-2H+ 
(White) 


Ni**--HS —— Nis(s)4 2p 
(Black) 


Mn?t+ HS — MnS(s)+-2H+ 
(Buff) 


Co?*+ Hes —.. CoS(s)--2H* 
(Black) 
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Table 8.14. Analysis of group IV cations 
(Ni?*, 712+ Mn?* and Со2+) 


Experiment 


Observation 


Black ppt. 


1. 


Dissolve the black ppt. by heat- 
ing with a minimum volume of 
aqua-regia (3 parts HCI and 1 
part HNO,). Еуарогаје nearly 
to dryness. 


Cool and dissolve in water. 
Divide the solution in three 
parts. 


(i) To one part of the solution 
(or O.S.) add a few drops of 
dimethyl glyoxime followed 
by aqueous ammonia solu- 
tion. 


(ii) The 2nd part of the 
solution (or O.S.) add acetic 
acid and a little KNO,. 
Allow it to stand with 
Occasional scratching and 
Shaking. 


(iii) To the 3rd part of the solu- 
tion (or O.S.) add 1 g of 
ammonium thiocyanate, 2 
ml of amyl alcohol (or 2 ml 
acetone). Shake the con- 
tents well. 


(iy) Both Co** and Ni®+ can 
also be confirmed by borax- 
bead test. 


‘Dirty white ppt. 


Ri 


Treat the dirty white ppt. with 
a small volume of dil. HCI. Boil 
the contents to remove H,S. 
Cool the solution. 


Divide the solution in two 
fractions. 


(i) To one fraction of the solu- 
tion add NaOH solution 
slowly. 


(ii) To the 2nd fraction of the 
solution add 1 ml of 
K,[Fe(CN),] solution. 

Perform charcoal cavity cobalt 


nitrate test with the original 
salt or with the wh ite ppt. 


Residue is obtained 
dueto the formation 
of anhydrous chlo- 
rides of Ni** or Co% 


A bright red ppt. of 
bis (dimethylglyoxi- 
mato) nickel (П) is 
obtained 


A yellow ppt. of 
potassium cobaltini- 
trite is obtained 


Blue colour in the 
organic solvent layer 


A white ppt. appears 
which  dissolves in 
excess of NaOH 


A bluish white ppt. 
appears 


А green mass con- 
firms Zn** 


Inference 


Ni®* or 
Со» 


present 


Ni 
confirmed 


Со» 
present 


Со» 
confirmed 


Zn% 
present 


Zn** 
confirmed 


Zn** 
confirmed 
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Buff coloured ppt. 


4. (i) Take a part of the buff A white ppt. Мр» 
coloured ppt. and ада dil. [Mn(OH);] is formed present 
НСІ. Boil the contents to which turns brown 
boil off H.S gas. Cool the due to atmospheric 
solution and add NaOH oxidation 
solution slowly. Warm a 
little. 


(ii) Dissolve the other part of The solution acquires Mn?* 
the ppt. (or the salt itself) pink colour due to confirmed 
in conc. HNO;. Add 1g the formation of per- 
of lead peroxide and boil manganic acid 
the contents. Allow it to 


stand. 

(iii) Perform borax bead test Violet bead in oxidiz- Mn?* 
with a little of the residue ing flame confirmed 
and note the colour of the 
bead. 


пи a a a a 


The chemistry underlying the tests (Table 8.14) performed to 
identify Ni?*, Со2+, Zn?* and Mnêt ions is outlined below р 


Reactions 
Е 1. Black ppt. of nickel sulphide and cobalt sulphide dissolves 
in aqua regia. 
3NiS-++-2HNO3+ 6HCl —— 3NiCle+2NO+ 28+ 4H20 
3CoS--2HNOs4-6HCI ——> 3CoCle+2NO0-+ 38+ 4H20 


Hydrated chlorides on evaporation to dryness, yield р у 
anydrous chlorides. ту » yield residue of 


J Heat to 
NiCl2.6H20 ——— NiCl+6H20 
(Green) dryness (Yellow) 


(i) A nickel salt solution reacts with dimethyl-glyoxi 
solution in the presence _of ammonia solution ВА Мо) 
ppt. of bis (dimethyl-glyoximato) nickel (II) complex. | 
CHs—C=NOH 
NiClo--2NH4OH--2 
CH3—C-—NOH 


OH о 


| t 
Нас— = = 
Hi CaN, Касни онен, 
Y | 
OE OH 
(Bright Red) 


A s 
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(ii) Cobalt salt solution reacts with KNNOs solution in the 
presence of acetic acid forming a yellow crystalline ppt. of potassium. 
cobaltinitrite. 


Co?*--7NO4 --3K*--2H* —— Ks[Co(NO3)g] 3-NO 4- H20 

(iii) With ammonium thiocyanate solution, cobalt ions 
form a blue coloured complex, fammonium cobalt thiocyanate, 
NHa[Co(CNS)a]. 


This is a stable complex and gets extracted into organic solvent. 
Co?*--ANH4CNS —> (NHaICo(CN SL HANE 
Blue. 


2. White ppt. of zinc sulphide is soluble in dil. HCl. A 
colourless solution of zinc chloride is obtained and hydrogen sulphide. 
escapes. 

ZnS4-2HCI —- ZnCle(aq)+ HsS(g) 

(i) Solution containing Zn?* ions on treating with sodium 
hydroxide solution gives a white ppt. of zinc hydroxide which 
dissolves in excess of alkali, forming soluble sodium zincate. 


ZnClad-2NaOH —— Zn(OH)s(s)-- NaCI 
Zn(OH)ad-2NaOH —-> Маг2пОг(аа)--28%0 
Sodium zincate 
(ii) Solution containing Zn?* reacts with potassium ferrocyanide 
solution and produces a bluish white ppt. of zinc hexacynoferrate (II). 
2ZnClo+Ka4[Fe(CN)s] —> 4KCI +Zne{Fe(CN)g] 


Zinc hexacyno- 
ferrate (II) 


3. It has already been explained under the charcoal cavity test. 

4. (i) Buff coloured ppt. of MnS is soluble in dil. HCI. 
MnS4-2HCI —— MnCls4- HS 

Solution when treated with sodium hydroxide solution gives a 


white ppt. of manganese hydroxide which turns brown on exposure 
to atmospheric oxygen due to the formation of manganic hydroxide, 


MnCle+2Na0H —-» Mn(OH)s(s) -2NaCI 
(White) 


Mn(OH)g4-(0) —- MnO(OH)s(s) 
Manganic hydroxide 
(ii) The sulphide of manganese reacts with nitric acid to 
form manganese nitrate which in turn is oxidized by boiling with 
HINO; and PbO: to MnOs?- ion, characterized by its pink colour, 
Mn$4-2HNOs —-- Mn(NOs)o+-HoS 
2Mn(NOs)2+ 5PbOs4- GHNOs —> 2HMnO4(aq)-+ SPb(NOs)s--2HsO- 


Permanganic acid 
(Pink) 
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(iii) The chemistry of borax bead test has already been explained 
in the beginning of this unit. 
Analysis of Group У Cations (Ca?*, Sr2+ and Ba?*) 

When the first four groups are absent 
ortakethe solution of the fourth group. Add conc (NHa)2COs 
solution with constant stirring to the above solution. Warm and 
allow to stand. Formation of a white ppt. indicates the presence 
of group V. Filter the ppt. Analyze the ppt. for the group V cations 
as given in the Table 8.14 and reject the filtrate. 

Ca?t--COs32- —-> CaCOs(s) 
Ba?*--COs?- —- BaCOs(s) 
Sr?*--COs?- ——> SrCOs(s) 


Table 8.15. Analysis of group V cations (Ba?*, Sr2+ and Ca?*) 
The white ppt. may contain BaCOs, SrCOs and CaCOs. 


the ppt. with hot water and reject washing. 
mum amount of hot dil. СНзСООН. Div 


, take the original solution 


Wash 
s. Dissolve the ppt. in mini- 
ide the solution in four parts. 


BaCO3+ 2CHsCOOH —-> ва(СНасоо) Hg0-1- CO» 
CaCOs+2CHsCOOH —-> Ca(CHsCOO)s--H50--CO; 
SrCOs--2CH3COOH —— Sr(CH3CO0)2+H20+CO, 


Experiment 


Observation 


1. To one part of the solution 
add potassium chromate 
solution. 

2. To the 2nd part of the 
solution add dil. H,SO, 
solution. 


3. Perform flame test with the 
salt or with the ppt. ob- 
tained in test 1. (Group 
ppt. i.e., carbonate can also 
be used for the flame test). 

4. To the 3rd part of the 
solution add conc. solution 
of (NH,), SO, and warm if 
necessary. 

5. Perform the flame test with 
the salt. 

6. (i) To the 4th part of the 
solution add сопс. 
ammonium oxalate 
solution and heat. 

(ii) Add to the ppt. ob- 
tained, dil. H,SO, ог 
НСІ. Now add a few 
drops of dilute KMnO, 
solution. 


7. Perform flame test with the 


А yellow ppt. of barium 
chromate is obtained. 


A white ppt. of BaSO, 
15 obtained. The ppt. is 
insoluble in all mineral 
acids. 


A light green flame. 


A white ppt. of SrSO, is 
obtained. 


A crimson colour flame, 


A white ppt. of calcium 
oxalate is obtained. 


Pink colour of КМпо, 
Solution is discharged. 


А bri 5 
salt or with the ppt. obtained a тед flame is 


in test 6. 


Inference 


Ba** confirmed 


Ba** confirmed 


Ba* confirmed 


Sr** confirmed 


Sr** confirmed 


Са" confirmed 


Ca'* confirmed 


Ca** confirmed 


E Ут н 
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The chemistry underlying the tests (Table 8.15) performed for 
identifying the group V cations is outlined below : 


Reactions 


1. Solution of barium acetate reacts with potassium chromate 
to form a yellow ppt. of barium chromate. 


(CHsCOO)2Ba+KeCrO4 —— BaCrOa(s)+2CHsCOOK 
(Yellow) 


2. Solution of barium acetate reacts with dilute #2804 to 
yield a white crystalline ppt. of barium sulphate which js insoluble in 
all acids. 


(CH3COO)sBa-- H2SO4 —> Pus АНРИ 


ite) 
3. The principle of flame test has already been explained. 


4. Solution of strontium acetate reacts with ammonium 
sulphate solution forming a white ppt. of strontium sulphate which 
is insoluble in mineral acids. 


(CHgCO0)2Sr-+(NHa)2SOa —> StSO4(s) +-2CHaCOONMs 
(White; 


5. The principle of the flame test has already been explained. 


6. (i) Solution of calcium acetate reacts with ammonium 
oxalate to yield a white ppt. of calcium oxalate. 


(CH3COO)sCa-- (NH4)&CoO4 —> И OCOD EE 
Ite; 


` (ii) The ppt. of calcium oxalate is soluble in dil. HCl or HaSO4 
and forms the corresponding salt solution. 


CaC904--2HCI —-» CaCls4- H2C304 [ог (COOH)s} 


The solution acts as a reducing agent due to the presence of 
oxalate ions and discharges the colour of KMnO4 solution. 


Analysis of Group VI Cations (Na*, К+, Mg?*, and NH at) 


This group includes those elements which are not precipitated 
by other group precipitating reagents. There is, however, no group 
test for these cations and the different cations are tested individually 
as given in Table 8.16. (Mg?*, Nat and К+ may be tested from the 
solution of the group V also, but the process being tedious is not 
described here). 1 
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Table 8.16. Analysis of group VI cations (Na*, К+ 
Mg?* and NH4*) 


Experiment 


1. To the O.S. of the salt add 
solid NH,C! followed by 
disodium hydrogen phos- 
phate solution (or 
ammonium phosphate, 
Mix the contents 
thoroughly. Add an 
aqueous solution of am- 
monia until it smells of 
ammonia. Add a few ml of 
ethanol and scratch the 
sides of the test tube with 
a glass rod. 


2. (i) Heat the given salt with 
a few ml of sodium 
hydroxide solution. 


(ii) Bring a glass rod dipped 
into bydrochloric acid 
near the exit of gas. 


3. To the O.S., add a few 
drops of NaOH to make it 
alkaline. Now add 1-2 ml 
of Nessler's reagent 
solution. 


4. To 1-2 ml of the O.S. of 
the salt add a few drops of 
acetic acid and freshly 
prepared solution of 
sodium cobaltinitrite. 
Shake and allow it to 
stand. 


5. Perform the flame test with 
the original solid. 


6. To 1-2 ml of the salt solu- 
tion add a small уојште of 
potassium dihydro anti- 
monate solution. Warm 
the solution and scratch 
the inside of the test tube 
with a glass rod. 


Perform the flame test with 
the original salt. 


7. 


Observation 


A A fine crystaline 
white ppt. appears on 
scratching the sides of 
the test tube. 


Ammonia gas evolves. 


Dense white fumes of 
ammonium chloride are 
obtained. 


A brown ppt. (iodide of 
Millon’s base) 15 ођ- 
tained. 


A bright. yellow ppt. of 
Кама[Со(МОј] is ob- 
tained. 


A violet flame but 
intense violet red (or 
crimson) through blue 
glass. 


А. crystalline white ppt 
of 7 NaH,Sb0, which 
Sticks to the wal 

test tube. У 


А golden yellow flame 
but invisible through blue 
glass. 


Note: While performing the tests of K+ and Nat 


Inference 


Mg?* confirmed 


NH, present: 


NH,* 
confirmed 


NH,* 
confirmed 


K* present 


K* confirmed 


Na* present 


Na* confirmed 


absent as they tend to interfere in their det ion p US AhoUId 55 


ection. 
The chemistry involved in the t 
for identifying Nat, К+ and NH4* done gre on ee LET 
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Reactions 

1. A magnesium salt solution reacts with a phosphate in the 
presence of ammonia to form a fine crystalline white ppt. of magne- 
sium ammonium phosphate hexahydrate. 


Mg?*--HPO4?-4-NH4OH-4-5H»0 ——> MgNH4PO4.6H3O0 
(White ppt.) 


Ethanol decreases the solubility of ppt. 

2. (i) Ammonium salt on heating with sodium hydroxide gives 
ammonia gas. 

NHaCl+ NaOH —— NaCIl4-HaO--NHs(g) 
Ammonia 

(ii) Ammonia gas reacts with the vapours of HCl'forming 

dense white fumes of ammonium chloride. 
NHs+HCl —- NH4Cl(s) 


(Dense white fumes) 

3. Alkaline solution of ammonium salt reacts with Nessler's 
reagent. А red brown ppt. of the iodide of Millon’s base, NHoHgoIs 
is obtained. 

NH4*--NaOH —- NH3+H20+Nat 
KeHglg —-- 2KI+Hele 
Nessler’s reagent 
Hgl2+2NH3 —— Hg(NHe)I+NHal 
Hg(NHo)I+Hgle —-- МНоНа (5) or [Hg2loNHy)}I 
(Red brown ppt.) 
zs 
ог 2(H2N—Hg—I)+H2,0 —— Se, NHo.I+NHal 
(Red brown ppt.) 

4. Addition of sodium cobaltinitrite to a solution containing 
К+ ions gives a yellow crystalline ppt. of potassium. sodiocobalti- 
nitrite. 3 

2KCl4-Nas[Co(NOa)e] —= KsaNa[Co(NO3)e]4-2NaCI 

The precipitation reaction is also shown by NHa4* ions. Hence 
the test for К+ ion should be performed in the absence of NH4* ion. 
If NH4* ions are present they should be removed from the solution 
by boiling it with NagCOs or NaOH before performing the test. | 

5. The chemistry of the flame test has already been discussed 
in the beginning of this unit. 

6. Weakly alkaline or neutral solution of sodium compounds 
when treated with a solution of potassium dihydroantimonate gives a 
white crystalline ppt. of sodium dihydroantimonate. 

NaCl+KH2SbO4 —-» NaHboSbOA4(s)--KCl 
(White) 


7. The chemistry of thé flame test has already been discussed. 
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ORAL QUESTIONS AND ANSWERS 


О . 3:1. Why is it necessary to prepare original solution for 
the detection of basic radicals ? 


Ans. The detection of basic radicals depends on the bebavi- 
our of ions in solution. For this purpose the preparation of original 
solution is necessary as it furnishes free ions in solution. 


Q,. 8.2. Why do we not prefer to prepare original solution in 
conc. H»SO4 or conc. НМОз 7 


Ans. Itis not advisable to prepare original solution in conc. 
HNOs or conc. Н2504 because these are oxidizing agents and they 
oxidize HəS in group II to produce a yellow ppt. of sulphur. 


2504 ——- Ha204-SOs--[O] 
НМ№Оз —— H304-NO--[O] 
H2S+0 = H20+-S(s) 
(Yellow) 


Also Pb, Ba, Sr, Ca are precipitated as their insoluble sulphates 
in presence of conc. H9SO4. 


BaCla4-H9804, — > BaSO,(s)+2HCI 
(Insoluble) 


Q.83. Why are hydrogen peroxide and silver nitrate kept in 
coloured bottles ? 


Ans. Hydrogen peroxide and silver nitrate are decomposed by 
sunlight and to avoid their decomposition coloured bottles are used 
for their strorage. 


Q .84. What is solubility product ? Explain its importance 
in qualitative analysis, 
Aris. 


The ionic product in а saturated solution of an electro- 
lyte at a given temperature is always a constant quantity and is 
termed as solubility product. This is denoted by symbol S. 

Whenever in a solution the ionic product exceeds the Solubility 
product, the precipitation occurs due to the Supersaturation of 
solution. 

Q.8.5. Why do salts of the following ions Cu?*, Ва2+, sra 
Ca?*, Na?* and К+ impart colour to the flame ? 5 

Ans. This is due to 
are volatile and at high 
cations, 


the fact that the 
er temperature the 


chlorides of these cations 
These cations then impart сојоп 


y lonize giving respective 
r to the flame, 
Q,.8.6. Why is platinum Wire used for flame test ? 

Ans. This is because the Metals other than plati 
attacked by conc. НСІ, while plati аав 


a num wire does not react with conc. 
HCI even at very high temperature. 


=~ 


= 
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. Q.8.7. Can „ме perform the charcoal cavity test without the 
quon of fusion mixture (Na2CO3 and KeCOs) with the carbonate 
of metals 


Ans. Yes, we can directly perform the charcoal cavity test 
without the addition of fusion mixture because the latter simply 
converts the substances into carbonates in fused state. Carbonates 
of metals on heating in charcoal cavity are reduced to metallic state. 


Q.88. Why do we not perform borax bead test with the 
white salts ? 


Ans. This test is applied for the identification of the cations 
of the coloured salt only because the borax forms the corresponding 
metaborates which possess characteristic colour. For example, with 
CuSO4, the reaction is 


CuSO4+B203 —- Си(ВО) +508 
(From borax) (Blue) 


Q.8.9. Why are only Pb?*, Agt and Hgo?* ions precipitated 
in group I ? 


Ans. Out of all the chlorides, those of Pb?*, Agt and Hgo?* 
are insoluble. HCl is the reagent of group І. Thus, chlorides of 
Pb?*, Agt, and Hgs?* are precipitated in group J. 


AgNOs--HCI —— AgCl(s)--HNOs 
(White ppt.) А 


Other cations remain in solution because their chloiides are 
soluble. у 


Q.8.10. Why is lead placed in group I as wel! as in II ? 


Ans. This is due to fact that lead is not completely precipitat- 
edin group І as lead chloride. РБСЉ is also soluble in hot water. 
Therefore, the lead which escapes precipitation in group I as PbClo is 
precipitated in the group IJ as PbS. 


. 8,11. Is it necessary to acidify a solution before group II 
cations are precipitated with H2S 7 


Ans. Yes, because for the precipitation of cations of group II 
only small concentration of sulphide ions (S?-) is required, 


This condition is achieved by passing HəS gas in a solution 
acidified with HCI (dil). Due to common ion effect, concentration 
of S?- ions decreases as presence of hydrochloric acid suppresses the 
ionization of HgS—resulting only in the precipitation of sulphides of 
group II metals. 


Other metal ‘sulphides remain in solution as they require higher 
01:1 te ation of 527 ions for their precipitation. 
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Q . 8.12. Give the reason for the formation of a light yellow 
or white ppt. in the group П even if it may not be because of some 
metal ion. 

Ans. Yellow or white ppt. is formed due to the oxidation of 


HeS gas by some oxidizing agents to sulphur which floats on the 
surface, 


BaSO3+2HCI+ 2H2S — > BaCle+3H20+3S 

(Yellow) 
2NaNOs-- He8 -2HCI. ——> 2NO+2NaCl+2H20+S 

(Yellow) 
FeClg+HoS —— 2FeCls--2HCI--S 

(Yellow) 

Q.813. What is the use of adding nitric acid in the precipi- 
tation of group II cations as hydroxides. 


Ans. Nitric acid is useful in the oxidation of ferrous salts to 
ferric salts in group III. 


2FeSO4--4HNOs —— Fea(SO4)s--Fe(NOs)s --2NO--2H30 


Q. 8.14. Whyisit essential to oxidize ferrous salt to ferric 
salt ? 


Ans. This is because the ferrous salts are not completely pre- 
cipitated as Fe(OH)s in the presence of МНАСІ on the addition of 
МНАОН and thus iron will also be precipitated in the group IV as 
FeS on passing #25. 

Therefore, to precipitate iron completely in the group III, it is 
necessary to oxidize ferrous salt to ferric salt. 


Q. 8.15. Why do we add excess of NH4OH and NH4CI in 
the precipitation of group III cations ? 


. The solubility product of hydroxides of catio 
III is extremely low. 


NHaCl Suppresses the ionization of NH4OH to a great extent 
due to common ion effect. As a result, low concentration of OH- is 
made available for precipitating group III cations hydroxides. 


Other hydroxides remain in solution as they require higher 
concentration of OH- ions for precipitation as hydroxides. 


- Q.816. Can NH4CI be replaced by any other i 
salt for the precipitation of group IIT tions? ran 


„288. a es NH4NOs can be used in place of NH4CI for the 
precipitation of group III cations. Ammonium Sulphate cannot be 
used as it may precipitate Ca?*, Ba®+ and 512+ as insoluble sulphates. 
Q.8.17. Why are Zn, Мр, Ni, Co not ipi i 
Mo BH NU AES ot precipitated in the 


Ans. The solubilit: 
Со is very high. For thi: 


n$ of group 


y product of hydroxides of Zn, Mn, Ni and 
S purpose they require high concentration of 


"Я 
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ОН“ ions. This is not possible in the group III as NHACI suppresses 
the ionization of NH4OH due to common ion effect. 


Q.8.18. Why are the group IV cations not precipitated as 
sulphides on passing HaS gas through group II solution ? 


Ans. For the precipitation of cations of group IV, a very large 
concentration of sulphide ions (S?-) is required which is not available 
in the group II as the ionization of HeS is suppressed by HCl 
(common ion effect). 


In precipitating the cations of group IV, high concentration of 
S2- ions is reached as OH" ions released by NH4OH unite with H+ 
ions given by H»S. Thus the solubility product is exceeded and the 
cations of group IV are precipitated as ZnS, NiS, MnS and CoS. 


Q.8.19. Why is, at times, a black coloured precipitate 
obtaiaed in group IV even if nickel and cobalt ions are not present ? 


Ans. А black coloured precipitate is obtained in the group IV 
due to the incomplete removal of iron in group III. Jron escapes 
precipitation in group III due to lack of enough NH4OH. 


FeCla4-HaS —— FeS(s) --2HCI 
(Black ppt.) 


. Q .8.20. Can NasCOs be used as a precipitating agent for 
group V cations in place of (NH4)eCOs ? 


Ans. Sodium carbonate cannot be used as a precipitating 
agent for group V cations due to its highly ionizing nature which 
may also precipitate magnesium in group V. 

Q,.8.21. Why is carbonate (precipitate) of group V cations 
dissolved in acetic acid ? 

Ans. This is because the acetic acid is a weak acid and does 
not interfere in the test. 

If dil. #2504 is used for this purpose, it will precipitate 
sulphates of Ca, Ba and Sr. 

In the presence of dil. HCl or HNOs, calcium will not give a 
precipitate with ammonium oxalate as the acids will dissolve the ppt. 
calcium oxalate. 

Q . 8.22. Why do we analyze group V cations strictly in the 
order of Ba, Sr and Ca? 

Ans This is because only chromate of barium is insoluble in 
acetic acid. Both sulphate and oxalate of Ba are also insoluble in 
acetic acid. 

Chromates of both Sr and Ca are soluble in acetic acid. Both 
sulphate and oxalate of Sr are insoluble. 

.823. Why is a precipitate of magnesium carbonate not 
formed along with the carbonates of Ba, Sr and Ca in group V ? 
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Ans. Magnesium requires higher concentration of COs?- ions 
for its precipitation as MgCOs which is insufficient in group V due to 
the presence of NH4Cl along with (NH4)2COg. 


NHACI suppresses the ionization of (NH4)2COs thereby a low 
concentration of COs?- ions is made available due to common ion 


effect. 
NHaCl е NH4*--CI- 
(На) СОз = 2NH4* +CO32- 
(Common ion) (Low concentration) 

Q, . 8.24. Why isa freshly prepared solution of FeSO4 used 
for the detection of nitrate and nitrite ? 

Ans. This is because Fe?* ions on long standing are oxidized 
to БеЗ ions which is not used for the detection of nitrate or nitrite. 


О. 8.25. How will you distinguish between ferrous and ferric 
salts ? 


Ans. Ammonium sulphocyanide does not give any coloura- 
tion with ferrous salt while it gives a blood red colour with ferric salt. 


Potassium ferricyanide produces a blue ppt. with ferrous salt 
while a red colouration is obtained with ferric salt. 


Q.826 Сап we replace Васі» by Ва(МОз)» in the detection 
of SO4?- ion ? 


Ans. We сап use Ba(NOs)s in place of BaCle for the detection 


of 5042 ion as we require only Ba?* ion for th ipitati 
XN nA € precipitation of 


ZnSO4--BaClg —— BaSOa (s)+ZnClo 


ZnSO4--Ba(NOs); —> BaSO, (5) +2 (МО) 
а s j Hoy will you distinguish between carbonate and 


„Ans. ў MgSO; gives a white 
solution while a white Ppt. is obtai: 
solution only. 


ppt. with carbonate ions in cold 

ned with bicarbonate ions in hot 
Phenolphthalein gives a pink 

colour is obtained with bicarbonat 

- 8.28. How ide i istingui 

e ME can sulphide ions be distinguished from sul- 
Ans. AgNOs forms whi i ite i 

Precipitate is obtained with oie h sulphite orea bileig black 
BaClə gives white i - i 

obtained with sulphide a hs sulphite ions while. no peus 
FeClg solution gives a red 

3 с 

black ppt. is formed with sulphide joe 
О. 8.29. How will Тави 

sulphate ions ? You distinguish between sulphate and thio- 


colour with 


О carbonate ions and по 
€ ions, 


ation with sulphite ions and a 


1 


^^ 
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Ans. AgNOs gives white ppt. with thiosulphate ions which. 
turns black on standing whereas no ppt. is obtained with sulphate 
ions. 

FeCls gives purple colour, with thiosulphate which disappears 
gradually and no ppt. or colouration is obtained in case of sulphate. 

Q .8.30. How will you distinguish between sulphite and sul- 
phate ions ? 

Aus. BaCle gives a white ppt. with both sulphite and sulphate 
ions. 

BaSOs is soluble in conc. НСІ whereas BaSO, is insoluble in 
conc. HCl. 

FeCls solution gives a red colour with sulphite and no colour is 
obtained with sulphate. 

Q,.8.31. How can nitrite ion be distinguished from nitrate 
ion ? 

Ans. Nitrate ion gives a brown ring with FeSO4 and conc. 
sulphuric acid. But with nitrite ion a black coloured solution is 
obtained. 

Q,.8.32. Why does a paper soaked in КаСтО7 solution turn 
green in the detection of SOs?" ion ? 

Ans. The paper turns green because the SO» gas evolved from 
50327 salt reduces KsCreO7 to Cre(SO4)g which turns the paper 
green. 

О. 8.33. What is lime water ? 


Ans. It is a water solution of calcium hydroxide. 
Q.8.34. Is it necessary to treat a salt with НСІ before per- 
forming a flame test ? 


Ans. Yes, hydrochloric acid is used to convert a salt into its 
chloride. Мега! chlorides being volatile, respond to the test. 


. Q,.8.35. Why do we prefer НСІ for preparing solutions of 
cations ? 
Ans, Because most of the salts are soluble in HClexcept 
those of group I. 
Q,.8.36. Why is it essential to boil off HaS gas before pro- 
ceeding to group III ? 
Ans. Otherwise the sulphides of group IV will also be preci- 
pitated along with precipitate of group III. 
oo 


UNIT 9 


Volumertic (Titrimetric) Analysis 


91. Introduction 


Volumetric (Titrimetric) analysis is the quantitative determina- 
tion of the components of a mixture. The measured volumes of 
two solutions are made to react so that the reation is just complete. 
In volumetric analysis, one solution of known concentration is used. 
This is termed as the volumetric standard. One of the two solu- 
tions is put in a measuring vessel known as a burette. This could be a 
standard solution ; it is then gradually added to the solution to be 
analyzed until the reaction is complete. This operation is known as 
titration. The progress of a reaction is followed by an indicator ; 
the indicator is used to determine the completion of a reaction 
(stoichiometric point) usually by a colour change, The correctness of 
volumetric results depends upon the measuring vessels, measurement 
of volumes and weighing. 


Volumetric analysis has certain advantages over the other 


methods of quantitative analysis, such as gravimetric analysis. These 
are: 


1. Volumetric analysis does not involve labor 
operations, such as Precipitation, filtration, was 
ignition. 


ious and tedious 
hing, drying and 


necessary in 


о dete f point with sufficient accuracy. 
It is on this point that calculation of results is based. In order to 


Cessary to monitor the progress 


( 170) 
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-of titrations. It is customary to use certain substances called 


indicators (substances which change colour when i 
solution alter) which usually show a marked mas lars 
completion of the reaction. The point at which the colour change 
of the indicator becomes apparent to the eye is called the 
end point. Thus the end point of titration is the point at which 
the indicator shows the reaction to be complete. At times, there is a 


-difference between the stoichiometric and practical end poi i 
x с ошо oint 
difference is termed as titration error. The choice PP M ur 


| 
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(a) BURETLE WITH (b) BURETTE WITH 
STOPCOCK PINCHCOCK 


Fig. 9.1. Variety of burettes. 
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Should be such that the titration error ‘is as small as possible by” 
Controlling the experimental conditions. 


It is essential in a titration that at least one solution is of 
exactly known concentration (volumetric standard). Its concentration 
may be determined from another titration, but there must be a 
substance in the analytical procedure which is a primary standard. 


A primary standard is a substance which can be converted into a 


standard solution by weighing the material out accurately on an 
analytical balance.a 


nd dissolving it in water to obtain a solution of 
exactly known volume. To qualify as a primary standard, the 
substance must be pure, etc. (unit I. Typical primary standard аге 
anhydrons sodium carbonate, oxalic acid, Mohr’s salt, etc. 


9.3. Volumetric Apparatus and their Proper Use 


Burette. It consists of a cylindrical long glass tube graduated 
in ml One ofits ends is narrow. This end has either a glass tap 
[Fig. 9.1(a)] or a glass jet held in the mouth with a rubber tubing and 
Operated with a pinch-cock [Fig. 9.1 (b)]. 


Burettes commonly used in the la 


Лу u boratories are graduated from 
0 to 50 ml and every division can read 


up to 0*1 ml. 
How to use a burette : 


Step I. Greasing of the burette Stopcock. (i) Remove 
all the old grease from the Stopcock and barrel. 
Then clean it with chromic acid solution. (This 
will remove any adhering grease from the inner 
surface of the cavity and Stopcock) and wash 
it thoroughly with water. 


(ii) Now apply a little grease on the stop- 
cock and the inner side of the burette cavity as 
Shown in Fig. 9.2. The grease should be 
applied in a thin layer so that it Should not 
choke the hole of the burette. 


(iii) Insert the stopcock into cavity and i : 
rotate it gently to get a air tight seal. но. PI 


Step II. Rinsing of burette, 


1) Close th 
the burette with about 5-10 ml of dm E ODceckorand. iil 


(ii) Hold the burette in slanting position and rotate it twice ог ` 
to wet the wall 


thrice a's completely and then allow the liqui у 
out through the пр of the nozzle (Fig. 9.3). шаша NU. 


ЕБЕР 


је 


TILE 


Fig. 9.4. Filling ће burette with a titrant 
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Step Ш. Filling of burette; (i) Clamp the burette vertically 
in a burette stand, 


„(ну Close the stopcock and pour the appropriate solution 
into the burette through a funnel (rinsed with the solution to be 
poured into the burette), held in left hand at its mouth to provide 
space for air to go out (Fig. 9.4). 


(iii) Run the burette until the meniscus is on or just below the 
zero mark. 


(iv) Remove the funnel and allow it to stand for a minute or 
two so that the solution adhering to the upper part of the burette 
drips down. 


(у) Check up that there are no air bubbles eitherin the tube 
or nozzle of the burette. Incase there are any air bubbles, open the 
stopro k for the solution to flow quickly. The air bubble will escape 
quickly. 


Step IV. Taking the burette reading. This involves the- 
following steps : 


RECTANGULAR FOLDED WITH 
PAPER TWO INCISIONS 
(a) (b) 
CUT 


UNFOLDED FORM 
© ANTIPARALLAX PAPER 
MOUNTED ON THE 

BURETTE 


(9) 
Fig. 9.5. (а, b, c, d) Anti-parallax paper i 
reading the liquid level z index ; correct method of 
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(i) Removal of parallax. It is done with the help of anti- 
parallax paper index and is prepared by folding a rectangular piece 
of white paper into two halves and then giving to it incisions at two 
places [Fig. 9.5 (a and b). Now open the fold and mount the paper 
index on the burette [Fig. 9 5 (c) and (4)]. 


(ii) Reading the correct meniscus. Anti-parallax paper 
index is allowed to slip over the burette and is finally held against 
the level of the solution. 
Keep your eye in level with the 
lower meniscus of the solution 
and the black boundary, and 
note the initial reading of the 
burette as shown in Fig. 9.6. 
Similarly note down the final 
reading of the burette. The 
difference between the final 
reading and the initial reading 
gives the volume of the solu- 
tion used for titration. 

The standard procedure 
15 to read the lowest point of 
liquid when it sags or the 
highest point when it bulges 
upward. 


Precautions to be observed Fig.9.6. Reading the correct meniscus 
while using a burette at eye level i.e., the correct level of 
(i) Clean it before using. IOS 


(ii) Ensure that it runs freely and is not blocked by dirt or 
grease. 


(iii) It must be rinsed with appropriate solution before use. 


(iv) Fill it above the zero mark by means of a funnel It 
should not rest on the burette. ч 


(у) Remove the funnel after filling the burette with titrant. 
(vi) Air bubbles from the nozzle must be removed. 


(vii) Stopcock should be operated by the left hand and the 
stopper kept pressed inward. 


(viii) Always use anti-parallax paper index when taking а 
reading. It facilitates reading. 


(ix) Adjust your eye at the level of solution in the burette. 


(x) Reading should be recorded immediately in the practical 
record book. 


(xi) Having finished the experiment, the burette should Бе 
thoroughly washed with water. 
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Pipette. It is another measuri 


i Dg vessel to measure the volume 
-of solution to be delivered. Pipette 


S of known volume say 10 ml, 


20ml 


(w 

(c) 
3-OXALIC ACID 0; | 
SOLUTION cer 


Fig.9.7. A pipette Fig.9.8. Rinsinga pipette : (а) Suck the solution 
to be titrated into pipette, (6) Hold the .pipette 
between two hands, (c) Tilt the pipette gradually 


and Keep on rotating for some time, and (а) Run , 
Out the rinsed solution into the sink, 


Correct at a temperature engraved on the bulb 
] t Consists of a narrow tube with a bulged out 
bulb in its middle. One of its ends is drawn out into a nozzle and 
the other one bears En пена circular mark (Fig. 9.7). This mark 
ch the pipett 

ened one tar Pipette should be filled to make a volume 


How to use a pipette : 


(i) Clean the pipette with chromic acid s 
thoroughly with water. Now rinse it with t 


olution and wash it 
sured. For rinsing, suck about 5 ml of th 


he solution to be mea- 
© solution into it, Ноја 
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the pipette between two hands. Tilt and rotate it so that the inner 
walls of the pipette come in the contact of the solution. Allow the 
rinsed solution to run out into the sink (Fig. 9.9). 


the solution rises well above the circular edged mark. Now place 
your forefinger of the right hand at the mouth end firmly [Fig. 9.9 (a) 
and (5)]. 


SOLWTION 


Fig, 9:9; Measuring of solution with a pipette, (a) Filling the Pipette 
with a solution, (5) Closing of the upper end of the pipette with 
a fore finger, (c) Releasing of the solution until the level of the 
solution coicides with the circular mark, and (d) Releasing of 
the solution into the titration flask, 


meniscus touches the etched mark when viewed by placing the eye at 
Its leve] [Fig. 9.9 (c)]. 


(iv) Carefully move the Pipette to the titration flask and intro- 
duce its tip into the titration flask [Fig. 9.9 (d). Now release the 
Pressure completely by removing the forefinger. Wait for afew 
Seconds for the solution to run out completely. Do not blow it out. 


Touch the tip of the pipette against the walls of the flask 


(v) 
Me a3 (d)] and hold itin the flask for 10 seconds. Remove the 
pipette. 


(vi) Students will find a drop or two still left in the jet end of 
the pipette. This should not be blown out because it has already been 
accounted for while calibrating the Pipette 
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Precautions to be observed while asing a pipette : 


Mi. (i) Clean the pipette with chromic acid and finally wash it with 
distilled water. 


(ii) Rinse the pipette properly with the solution to be delivered. 
(iii) Never suck too fast lest the solution should rush into your 
mouth. Do not suck poisonous solutions into the pipette. 


(iv) Forefinger used to hold the solution must be dry. 
(v) Do not blow out the last drop from the tip of the pipette. 


(vi) During sucking, the lower end of the pipette should be 
well below the surface of the solution, or else the solution may get. 


into mouth. 
(vii) А pipette with a broken tip should not be used. 
(viii) Hot liquids should not be measured. 
(ix) Solution level should be observed at eye-level. 


Measuring flask. It is a graduated flat bottomed flask 
with long narrow песк bearing a ground glass stopper. The neck 
bears a circular mark etched on it which indicates the volume that 
it holds (Fig. 9.10). The most common sizes of the measuring flasks 
used in the laboratory are of 100 ml, 250 ml, 500 ml and 1000 ml 
capacity. It is used for preparing standard solutions. 


How to use a measuring flask : 


(i) Rinse the flask with cleaning solution (chromic acid) ; wash 
it with tap water several times and finally with distilled water. 


(ii) Pour the solution or solid by means of a funnel. 


(iii) Wash the funnel thoroughly with cleaning solution and 
distilled water. Allow the washings to go into the flask. Shake the 
contents well. 


(iv) Remove the funnel. Now add sufficient distilled water 
to near the graduation mark. 


(v) Now add water drop by drop witha pipette until the lower 
meniscus of the Solution touches the graduation mark. Observe this 
at eye-level to avoid errors due to parallax. 
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(vi) Stopper the flask and invert it several times so as to pro- 
duce a homogeneous solution. 
Precautions to he observed while using a JU 
measuring flask Ww, 

() Rinse the flask thoroughly with cleaning 
solution. Now wash with tap water followed by 
distilled water. 


(ii) Always use funnel to transfer Solution to the 


measuring flask and do not allow the funnel to rest on 
the neck of the latter. 


(iii) Wash the funnel with distilled water before 
removing it from the measuring flask, 


(iv) Measuring flask should never be heated. Measuring flask 
Never place hot Solution into it. Fig. 9.10 


(v) Its Stopper should not be changed. 


(vi) It should not be rinsed with solution to be stored in it. 


Titration flask, It js a small flat-bottomed flask with a wide 
neck and large belly. The wide neck permits 
the flow of the Solution from the burette = 
while the flask is swirled when carrying out the 
titration. Conical flasks are best suited for the 
Purpose, as they can be heated conveniently 
as and when required (Fig. 9.11). 


How to use a titration flask : 


(i) Clean the titration flask with chromic С oS 
acid and tap water followed by distilled water. 


(ii) The required volume of the solution ERLENMEYER FLASK 


is taken into it with the help of a pipette, (CONICAL FLASK) 

(iii) After each titration, it should be Fi itrati 
cleaned and washed thoroughly with distilled io; Lau 
water. 


(v) Never rinse it with the solution to be titrated. 
9.4. Acid-Alkali Titration (Acidimetry or Alkalimetry) 


By acidimetry, we mean the determination of unknown strength 
of an alkali by titration with a standard solution, Alkalimetry is 
just the Opposite of this statement. When an acid is mixed with an 
alkali, H* ions of the acid react with OH- ions of the alkali to 
produce water, The Solution can therefore be either acidic (when 
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Na*(aq)-- OH-(ag)--H*(aq)4- Cl (ag) — > Na*(aq)+Cl (ад) +H20(/) 
The net change is 
H*(aq)-- OH" (ag) —— H20(/) 


When a certain amount of an acidis so treated with an alkali 
that it is completely converted into a normal salt and loses its acidic 
properties, itis said to be neutralized. The case is otherwise when 
the acid ог the base or both are weak. The solution at the equiva- 
lence point will be either acidic or alkaline. This is due to the 
hydrolysis of the salt produced in the neutralization reaction. 


Some salts are able to act as acids or bases, for example, 
ammonium salts are acidic, the ammonium ion yielding a proton to 
the solvent : 


NH4a*(ag)2- H20(I) = NHs(ag)4-HaO*(aq) 


Carbonates abstract protons from the solvent and so act as 
bases : 


CO3?-(aq)4- H90(!) = НСОз (ag)-- OH-(ag) 


Thus the progress of any acid-base titrations would be to monitor 
the change in pH with an electrical pH meter. But itis customary 
to detect the end point of a titration with the aid of chemical 


indicator, a substance which changes colour when the pH of its 
solution alters. 


9.41. Indicators and end point 


; Substances which can indicate the termination of a neutraliza- 
tion process by change of colour are called indicators. A good 
indicator should give a sharp change of colour when the condition 
of the solution changes from acidic to alkaline and vice-versa. A 
range of indicators is available for titrations, Each indicator changes 
colour оуег a range of pH. Indicators are themselves conjugate 
acid-base pairs in which the acid form and the basic form are clearly 
distinguishable by eye. Every indicator has its wo 


Д rking range 
(range of pH over which the colour changes). Choice of indicators 
in neutralization reactions depends upon the nature of the acids 


and bases and also on their concentrations. For a titration 
to be feasible, there should be a satisfactory change of pH at or near 
the equivalence point by adding a small volume of acid or alkali. 
Hence, indicator that changes colour at or near the equivalence point 
should be chosen. Now by the use of an indicator one can know 
what volume of an acid solution will exact 


d ly react with a given 
volume of an alkali. The colour change ofthe indicators gives the 
termination point of the titration, and hence, the end point. In acid- 


alkali titrations the indicator is usually one of the listed in Table 9.1. 
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Table 9.1. Choice of indicators 
mL MI 
Type of titration Indicator Alkaline Neutral Acidic 
Solution Solution Solution 
- Hydrochloric acid Any indicator — — — 
—caustic soda with a colour 
(Strong acid— change between 
Strong base) pH 3 and 10 
. Acetic acid— Phenolphthalein Red Pink Colourless 
caustic soda 
(Weak acid— 
Strong base) 
3. Ammonia— Methyl orange Yellow Orange Вей 
sulphuric acid 
(Weak base— 
strong acid) 
4. Ammonia— Screened methyl Green Green Red 


hydrochloric acid 


orange 
eak base— 
strong acid) 
5. Acetic acid— No satisfactory end point can be obtained by using 
ammonia any indicator. Such a titration should be avoided. 
(Weak acid— 
weak base) 


In practice, when a strong acid and a strong base are being 
used the PH change at the end point is so large that virtually any 


suitable indicator of this titiation 
would be methyl orange and bromocresol green. 


When sodium carbonate is reacted with hydrochloric acid, two 
Teactions occur : 


NaaCOs--HCI —— NaCl+NaHCO3 
NagCO3+2HCI —— 2NaCl+CO.+H2O 
The first reaction js complete at a high pH and so can be 


followed by phenolphthalein. The second reaction has an point at a 
low pH and is indicated by methyl orange. 


9.42. Calculations 


and 


Titration calculations can be reduced to a few simple steps. It is 
essential to know which Substance is acting as the standard. The 
Steps required are : (1) the determination of equivalent mass of the 
Standard used on the basis of balanced chemical equation ; (2) the 
Calculation of the normality of the standard solution ; (3) the 
calculation of the normality of the other solution ; and (4) the deter- 
mination of the quantity (concentration, purity, etc.) required. 
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Normality equation 

Since neutralization is the reation between equivalents of 
H*(ag) and ОН (ag) to form water, it is desirable to use normal 
concentrations rather than molar concentrations. While a litre of 
L0 М NaOH solution will not neutralize a litre of 1 0 M 6504 
solution, equal volumes of 10 № solutions of any acid or base, will 
neutralize each other. Since one mole of HeSOa can produce two 
moles of H*(ag) a half-mole of HəSO4 (the equivalent mass) produces 
1 mole of H+(aq) : 


2504 —— 2H*--SO4*- 
1 mole 2mole 1 mole 
% mole 1 mole $ mole 
In effect, neutralization occurs when the number of equivalent's 
of acid equals the number of equivalents of base. 
Number of equivalents of acid— Number of equivalents of base 


Accordingly if the solution 
the solution of a substance B t 
follows : 


ofa substance A is titrated against 
hen atthe end point we can write as 


Number of gram-equivalents of solution A 


= Number of gram-equivalents of solution B 
or NiVi=NoVo (9.1) 


where Ni and Na are the normalities and Vy and Vz the volumes of 
solutions A and B respectively. 


From Eq. (9.1), the normalit of a unkn luti 
calculated. Let this be x. Now MV = NVa e Мр E nn 5 
are known, Na—x can be calculated by the equation 

_ МИ 
MES (9.2) 


Calculation of strength (concentration) 


1 With the known/calculated normality of a solution, its strength 
in grams per litre can be known by applying the following relation : 

Strength— Normality x Equivalent weight (9.3) 
Calculation of equivalent weight 


With the strength and normality of a solution of a Substance 
the equivalent weight of the substance dissolved (solute) can be 
calculated by applying the following equation : 


Equivalent weight of the solute = rdi 
ality 


à JUI 


N (9.4) 


naiga 
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Calculation using molarity 

The steps Tequired are : 

(1) The determination of the num 
used ; (2) the writing of a balanced chemical 
calculation of the number of moles of the other с 
conversion of the number of moles of the oth 
mass ; and so (5) the determination of the qua; 


equation ; (3) the 
ompound ; (4) the 
ег compound toa 
ntity (concentration, 


It may be recalled that the molar solution of a substance is that 
solution which contains one gram molecular weight (or one mole) of 
it per litre of the solution. 

For example, the molecular weight of HClis 36:5. Thus, a 
Solution containing 36:5 g of hydrochloric acid in one litre of 
Solution will be 1 M. Similarly when: 3:65 or 0:73 g of it are present 
in one litre, the molarity of the solutions will be 9'1 M ог M/10 and 
0:02 M or М/50 respectively. Mathematically molarity may be 
expressed as given below : 

Number of moles of solute 

М= — - 
Volume in litre 


Weight of solute in gL- 
-Molecular weight of the solute 


= Weight of the solute in grams 
Molecular weight of solute x Volume of solution in litre 
Thus, using above relationship, the molarity of a solution can 
be determincd if the molecular weight of the solute and the amount 
dissolved per litre of the solution is known. Also, the amount of 
solute which is to be dissolved (for preparing a solution of known 
molarity) can be computed from the above relationship. 
Weight of solute (in grams) Molecular weight of the solute + 
X Volume of solution in litre X molarity 
Relationship between normality and molarity. The con- 
centration terms, molarity and normality can be inter-related to each 
other by a simple relationship given below : 


Normality= Molarity x number of equivalents per molecular 
weight of the solute 
Molecular weight 
Equivalent weight 
=Molarity x Number of electrons gained or lost 
per molecule (or ion) of the solute in balanced 
equation 
N—Mxn 

where n— Number of electrons gained ог lost per molecule 

(or ion) in balanced equation. 


— Molarity x 


10% 


9.4.3. Conditions for volumetric analysis 
Estimation by volumetric analysis is feasible only if the reaction 
involved fulfills the following conditions : 
(i) The reaction must take place till completion and instan- 
taneously. 
(ii) The end point should coincide with the equivalence point. 
(iii) There should be no side reactions. 
(iv) The reaction should be specific. 


(») The reaction involved should be definite. It should be 
represented by a chemical equation. 


(vi) The end point should be definite, either between the react- 
ing substances or by the use of an indicator. 


9.4.4. Preparation of the standard solution 


A solution of known concentration is considered as a standard 
Solution. Some of the standard solutions are prepared by weighing 
out accurately and dissolving the weighed solute in a suitable solvent 
and making up the solution to a known volume. Such solutions of 
known concentrations are called primary standard solutions as other 
solutions are standardized against them. The procedure for prepar- 
ing such solutions has already been given in section 1.20.1 (Unit 1). 


Weights required for some ofthe primary standard subs- 
tances 


(i) For 0'1 N sodium carbonate solution 


Equivalent weight of Na»COs is 53 g/eq, 5:3 g of NasCOs 
would be required for 1 litre N/10 NasCOs solution. In the 
laboratory, generally 250 ml of the solution is prepared. Therefore, 
to prepare 250 ml of N/10 Na2CO3, 5'3 g/4=1:325 g of NasCOs is 
required. 


(ii) For 0:1 N oxalic acid solution. 


Equivalent weight of oxalic acid is 126/2—63. Thus, to prepare 
1 litre 0-1 № solution of oxalic acid we would require 6.3 g. To 
prepare 250 ml of N/10 solution of oxalic acid, we would require 


63. g-51:575 g. 


(iii) For 01 M sodium carbonate solution 


Molecular mass of anhydrous sodium carbonate is 106 г. To 
prepare 1 litre 0'1 M sodium carbonate solution the weight of sodium 
carbonate required would be: 


Weight of sodium carbonate = Molecular mass of sodium 
carbonate X Volume of solution x molarity 


=106 gx1Lx(1/10)—10:6 g/L 


a P 


== 


18 


In laboratory, generally 250 ml of the solution is prepared 
Therefore, the weight required would be equal to 10'6/4g, ie. 
2:65 р (or 0:1 N). 

(iv) For 01 M sodium bicarbonate solution 

Molecular wt. of sodium bicarbonate=84 g 


To prepare 1 litre 01 M sodium bicarbonate Solution, the 
weight of sodium bicarbonate required would be : 


= Molecular weight of NaHCOs x Volume of solution 
X Molarity 


=84 gx1Lx zL-—84 g/L 


To prepare 1 litre solution of 01 M—84g 
To prepare 250 ml solution of 01 M—21g 
To prepare 250 ml solution of 01 N—21g 
(v) For 0*1 M and 0:1 N oxalic acid solution 
Molecular weight of oxalic acid—126 g 


., То prepare 1 litre 01 M oxalic solution, the weight of oxalic 
acid required would be 


— Molecular mass of oxalic acid x Volume of solution 
X Molarity 


—126gx1lLx qp-126 g/L 


Amount of oxalic acid required for one litre 0:1 M solution 
—126g 

Amount of oxalic acid required for 250 ml 0*1 M solution 
315g 


Amount of oxalic acid required for 250 ml 0:1 N solution 
—1575g 


- __ Mol. wt. 
( > "Ба: УЕ) 


9.5. Experiments 


Experiment 9.1. To Prepare 250 ml 01 N HCl solution 
(given 0-1 N NaCO; solution). 


Theory. The concentrated НСІ available from the market is 
Toughly 12 XN. It is volatile in nature so it 15 not possible to prepare a 
Standard solution by measuring out a definite volume and then 
diluting it. A solution of approximate strength 15 prepared and 
then standardized by titrating against standard NaaCOs solution. 
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Procedure 


(i) Preparation of approximately 01 N HCl solution, 
250 mi. Measure out 2:5 ml of pure conc. НСІ with the help of a 
10 ml measuring cylinder and pour slowly into a 500 ml beaker con- 
taining about 200 ml distilled water. Stir the solution with a glass rod 
and dilute it to about 250 ml by adding more of distilled water. 


(ii) Titration. Rinse and fill the burette with dilute НСІ acid 
solution. Record the initial reading of thc burette. Pipette out 
standard solution of given 0°1/N NasCOs solution into a clean coni- 
cal flask. Add 2 drops of methyl orange and titrate it against the acid 
with constant stirring until a permanent pink colouris obtained. 
Run the НСІ solution slowly, in small amounts at a time and 
take the final reading by noting down the lower meniscus only. 
Repeat the titration to obtain at least three concordant readings. 


Indicator: Methyl orange 
Normality of the Ма; СОз solution : 071 N. 


Observations 
Volume of Final Difference : 
Na,CO, solution Initial burette burette Volume of acid 
S.N. taken in a reading reading consumed 
conical flask (V ml) 
1 20 ml ml ml 
2 20 ml «ml - ml 18 ml | Three con- 
cordant 
3. 20 ml -ml -.. ml 18 ml | readings 
4. 20 ml + ml ...ml 18 ml 
Calculations 


Suppose 20 ml of 0'1 N NaCO; requires 18 ml НСІ solution 
20x =18x N HCI 


20x0'1 N 
18 


(iii) Preparation of exact 01 N HCI solution. Normality 
of the experimentally prepared НСІ solution is 0°11 N (a little more 
concentrated than actually required), Now this has to be diluted until 
the solution of desired normality is obtained. The volume of solution 
to be diluted to a known volume of 0'1 № is calculated from the 
normality equation. 

NiVi=NeVo 


Where Ny=original normality ; Vı=original volume to be taken 


Normality of НСІ solution= =011N 
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Na-required normality ; Va—volume after dilution 

NV 

Vo Nae 
Now the volume of distilled water to be added to the V1 ml 
-of НСІ is equal to (Fa— V1) ml. 

In the present case 
N1—011N;V1—2 
No=0'1 N;Va—250 mil, the volume to be prepared 

01 NXY1—01 Nx25 


Hence 2273 ml of НСІ solution is taken ina measuring flask 
:and the solution is made up to the graduation mark with distilled 
water. 

Experiment 9.2. To prepare a standard 01 N NaOH 
solution (given 0:1 N НСІ solution). 


Procedure 


() Preparation of approximately 01 N-NaOH solution. 
‘Weigh out about 1:4 to 1:5 g of NaOH pellets. Wash the pellets with 
2-3 ml distilled water and throw the washing. (This will dissolve 
the sodium carbonate formed on the surface.) Now take the 
remaining part in a beaker and dissolve in 200 ml distilled water, 
Allow the solution to cool. Now add 50 ml more of water to make 
250 ml solution. Stir it well to get a homogeneous solution. This 
resultant solution is approximately 0'1 N NaOH. 

Gi) Titration. Rinse and fill the burette with standard НСІ 
solution. Recored the initial burette reading by noting the bottom of 
the menisucus. Pipette out 20 ml NaOH solution into a clean conical 
flask. Add 2 drops of phenolphthalein. Run the acid solution 
slowly from the burette until the solution in the flask becomes just 
colourless. Note the final burette reading. Repeat the titration to 
obtain at least three concordant readings. 

Indicator : Phenolphthalein 


Normality of HCi solution used—01 М 


Observations 
Voli itial burette Final Volume of HCl 
S.N. solution (Mad fi EE. burette | solution consumed 
a conical flask reading V ml) 
qp ые. e Ка | S a Ruta а a E 
1 20 ml ml ml 
2 ...ml «ml 22 ml 
rae Three 
3: 20 ml ..ml -ml 22 ml | concordant 
| readings 
4. 20 ml ...ml -ml 22 ml 


E E ie АИ ИРА ls Ei 
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Calculation. Suppose 20 ml of NaOH solution requires 22 ml - 
of 0'1 N НСІ solution. 


Normality of NaOH solutione. 22. x ~IN 


=011 N 
(iii) Preparation of exact 01 N NaOH solution. The 
volume of NaOH (0.11 N) solution required to prepere 250 ml of 
0.1 N NaOH solution is calculated as given below : 
N1-011 N; yi-? 
№=01 N; Vo=250 ml, the volume to be prepared 


Now 0'11 NX Vo==0'1 NX 250 ml 
01 Nx 250 ml 
or У NS =227'3 ml 


Hence, 227:3 ml of NaOH (0:11 N) is taken into a 250 ml mea- 
suring flask and the solution is made up to the graduation mark with 
distilled water. 

Note. KOH solution is also standardized in a similar way. 

Experiment 9.5. To determine the strength in grams per litre of 
NaOH solution by titrating it against standard solution of oxalic acid. 

Theory. Sodium hydroxide solution is titrated against stand- 
ard oxalic acid solution using phenolphthalein as an indicator. The 
strength of the alkali is later calculated from the data gathered. 

Procedure. (i) Prepare 0'1М standard oxalic acid solution by 
weighing out 1'575 g oxalic acid and dissolving in 250 ml measuring 
flask and finally making up the solution to the graduation mark, 

(ii) Rinse and fill the burette with sodium hydroxide solution. 
Pipette out 20 ml standard oxalic acid solution in a clean conical flask. 
To it add two drops of phenolphthalein and titrate it against the alkali 
with constant stirring until a permanent pink colour is obtained. 
Repeat the titration to get three concordant readings. Record your 
observations as tabulated below : 

Indicator used : Phenolphthalein 


Normality of the standard oxalic acid solution : 01 N 


Observations 
EE ee eee eee eae 
Volume of oxalic Initial Final Volume of NaOH 
S.N. acid solutiontaken| burette burette solution consumed 
in a conical flask reading reading (V ml) 
1. 20 ml -..ml -ml 
2 2 vee ...ml 18 ml 
Sn al p Three 
3. 20 ml -..ml ...ml 18 ml concordant 
readings 
4. 20 ml -ml «ml Rivet 
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Calculations 


Suppose 20 ml 071 № oxalic acid solution requires 18 ml of 
NaOH solution 


Normality of NaOH solution 2001 № =011 М 
Strength of NaOH solution— Normality x Equivalent weight of 


NaOH 

Strength of NaOH solution =0°11 x 40 g/L 

=44 g/L 

Result. The strength of the given NaOH solution is 4:4 g/L 

Experiment 9.4. To determine the strength of given hydro- 
chloric acid solution in grams per litre by titrating it against standard 
sodium carbonate solution. 

Theory. Іп this case НСІ solution is titrated against standard 
sodium carbonate solution using methyl orange or phenolphthalein 
as the indicator. When acid is taken in the burette, methyl orange is 
"used as indicator and when alkali is taken in the burette, phenolph- 
thalein is used as indicator. 


Note. Here we will do the titration using methyl orange as ап 
indicator. Use of phenolphthalein às indicator will be discussed in 
experiment 9.5. 


Procedure. (a) Prepare N/10 standard sodium carbonate 
solution by weighing out 1:325 g NasCOs and dissolving it into a 
250 ml measuring flask and finally making up the solution to the 
graduation mark. 

. (b) Rinse and fill the burette with hydrochloric acid solution. 
Pipette out 20 ml of N/10 standard NaaCOs solution ia a clean coni- 
calflask. To it add two drops of methyl orange and titrate it against 
the acid with constant stirring until a permanent pink colour is 
obtained. Repeat the titration to obtain at least three concordant 
readings. 

Record your observations as tabulated below : 

Indicator used : Methyl orange 


Normality of Ма;СОз solutions 0:1 N 


Observations : 
Volume of Na,CO, Initial Final Volume of oxalic 
S.N. solution taken in a burette - reading acid solution 
conical flask reading burette consumed 
c HMM EM. (У ml) 

1. 20 ml -ml ...ml 

2. 20 ml ES ..ml 25 ml 7 Three 
concord- 

9: 20 ml -..ml ...ml 25ml |ant 
read- 

4. 20 ml -..ml ...ml 25ml | ings 
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Calculations : Suppose 20 ml of 01 N NazCOg solution 
requires 25 ml of HCI solution. 


Normality of НС! Solutions co Ne 0:08 N 


Strength of hydrochloric acid solution 
—Normality x Equivalent weight of НСІ 
Strength of HCI=0°80x 355 g/L 
—2:84 g/L 

Result. The strength of the given НСІ solution is 2:84 g/L 

Experiment 9.5. To determine the strength of a given НСІ 
solution in grams per litre by titrating against sodium hydroxide 
solution or sodium carbonate solution. 


Procedure. The solution of sodium hydroxide is standardized. 
by using a standard solution of oxalic acid. Use 1:575 р oxalic to: 


prepare 250 ml of 70 solution. Oxalic acid is taken in a conical! 


flask to which 2 drops of phenolphthalein are added. Allow the- 
titrant (NaOH) to run into the flask until the solution acquires. 
pink colour. Find the volume of sodium hydroxide solution used.. 
Calculate the normality of NaOH solution. 

Now allow the NaOH solution (normality has been found, 
hence standard solution) to run into a flask containing НСІ solution 
to which two drop of phenolphthalein have been added. Continue 
to add titrant until the solution acquires permanent colour. Record 
your observations and do the calculation as given under Experiment 
9.4. 

Mow with a standard solution of NaCO in burette use- 
phenolphthalein as indicator and repeat the titration procedure. 

Exercise 9.1. 0:125 M hydrochloric acid is prepared by diluting: 
12 ml of concentrated hydrochloric acid to exactly 1 litre solution.. 
Calculate the molarity of the concentrated acid. 

Solution. Molarity of concentrated acid 

— Molarity of diluted acid x Volume of diluted acid — 

Volume of concentrated acid 


1000 
=0'125x 12 
=1042 М 
The concentrated hydrochloric acid is 10:42 M. 
Exercise 9.2. 20 ml of 0'1 M nitric acid neutralizes 21 ml of 


sodium carbonate solution. Calculate the concentration of the car- 
bonate in g/L of solution. 


Solution. The equation for the reaction is : 


2 HNOs-- Na2CO3 —— 2NaNO3+CO 
2000 ml 1000 ml Be СОО 


1 M-acid 1 М carbonate 


M 


19: 


(Molarity x Volume) of acid _ 1x2000 2 
(Molarity x Volume) of carbonate ^ ] x1000—71- 
0:1x 20 2 


Molarity of carbonate x 21 


е 01х20 
Molarity of carbonate= NOT 


==0:0476 M 
One mole of sodium carbonate contains 106 g 
One molar NasCOs solution contains 106 g/L 
00476 M Ма»СОз solution contains 0:0476 x 106 g/L 
=5'04 g/L 
The concentration of sodium carbonate solution is 5:04 g/L 


Exercise 9.3. 20 ml of 01 M 2504 neutralizes 22:5 ml of 
Na»COs solution. Calculate the molarity and concentration of the 
NasCOs solution in g/L. 


Solution. The equation for the reaction is : 


Ha504--NasCOs —-> Nas5044-H30 4- COS 
1000 ml 1000 тај 
M-acid — M-acid 


(Molarity x Volume) of carbonate . 1X1000 й 
(Molarity х Volume) of acid] x 1000 T 
(Molarity of carbonate) x 22:5 ic 
01х20 T 


Molarity of carbonate solutlon—.0 120. 


=0°0888 M 
One mole of Sodium carbonate contains 106 g 
.* One molar Na3COg Solution contains 106 р in 1 litre of 
Solution, 
-. 00888 M МазСОз solution contains 0:0888 x 106 g of 
Na3CO in 1 litre solution--9.32 g/L. 
The concentration of sodium carbonate solution is 9:32 g/L. 


ORAL QUESTIONS AND ANSWERS 
Q.91. What do you mean by volumetric analysis ? 
z Ans. The analysis which involves exact measurment of volume 
titre and titrant is termed as volumetric analysis. 
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Q . 9.2. What do you mean by titration 2 


Ans. Itisa process of running out a solution from a burette 
пио а solution contained in a conical flask or a beaker until the 
reaction is complete. The completion of the reaction is monitored by 
the use of indicator or some other method. 

Q.9.3. What is an indicator ? 

Ans. A substance used to determine the e 
is termed as indicator. It changes colour over 

0.9.4. What is a standard solution ? 


Ans. A solution of exactly known strength is called a standard 
solution. 


nd point of a reaction 
a range of pH. 


Q,.9.5. What is a normal solution ? 


Ans. A solution which contains one gram equivalent weight of 
а solute dissolved per litre of the solution is termed as normal 
solution. 


Q.9.6. What is normality equation 7 

Ans. According to the law of equivalents the number of equiv- 
lents of an substance (say acid) reacts with the equal number of 
equivalents of another substance (say base). 

Therefore, № = NoVa 

This is called the normality equation. 

Refer to section 9.4.2. 

Q.9.7. Give helpful expressions used in volumetric analysis, 


Ans. Equivalent weight of an acid= Molecular weight 


Basicity 
Equivalent weight of a base — Molecular weight 
Acidity 
Strength— 


Normality x Equivalent weight 
Also refer to section 9.4.2. 


Q.9.8. What is a titrant ? 
Ans. The solution which is filled in the burette is called 
titrant. Usually its Strength is known. 
Q.9.9. What is a titre 7 
Ans. The solution which 15 kept in the conical flask for 
titration purposes. Its strength is normally to be determined. 
0.9.10. What is an end point ? 
Ans. The stage at which the colour change of the indicator 
is visible to the eye is called the end point. 
О. 9.11. What is a molal solution ? 


Ans. A solution containing one mole of the solute per 1000 g 
of the solvent is called a molal solution 
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О. 9.12. What is a molar solution 7 


Ans. A solution containing one mole of the solute per 1000 ml 
of the solution is called a molar solution. 


Q. 9.13. What isa primary standard ? 


Ans. А chemical substance which can be used directly for 
preparing the standard solution. It does Not experience any chemical 
change at room temperature. 


Q,.9.14. What is a decinormal solution ? 
Ans. А 0°1N solution is called a decinormal solution. 
Q.9.15. What is the Strength of a solution ? 


Ans. Itis the quantity ofa solute present in one litre of 
the solution. It is found out by the expression, 


Strength=Normality x Equivalent mass 
It is expressed in g/L. 


UNIT 10 


Determination of Melting and 
Boiling Points of Organic Substances 


10.1. Introduction 


All substances have their distinctive physical and chemical 
properties. With the help of these properties one substance is 
distinguished from the other. Amongst the various properties melting 
or boiling point is also an important physical property. In the identi- 
fication of organic compounds, the m.p. of the derivative prepared 
serves as the most important property in identifying the organic 
compound. 


10.2. Melting Point 


The melting point of a pure solid organic compound is used as 
a criteria of its purity because a рше organic solid always melts 
sharply at a definite temperature. Melting point is always lowered by 
the presence of impurities. 


Experiment 10.1. To determine the melting point of organic 
compounds. 

Apparatus and Chemicals. A pyrex beaker or a wide 
mouth boiling tube, thermometer, solvent (water or paraffin oil), 
ped stand, clamp, wire gauze, glass capillary, organic compounds 
etc. 


eas Nds neo a АЕ point of ап organic 
(a) filling of the capillary tube, 
(5) determinution of melting point. 
(а) Filling of the capillary tuhe 
(i) Powder the organic compound in a mort 


i ar wh p.i 
to be determined or ina porous plate with the help Yap 
[Fig. 10.1 (A)]. 


(ii) Take a fine capillary tube (about 4 cm long) Sealits one 
end by bringing it near the flame ofthe burner for a few seconds. 
The glass becomes red hot and on cooling the mouth of the capillary 
closes. 


(194) 


Aa 


~ 


| | 
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of the compound. Some of the substance will enter into the capillary 


tube [Fig. 10.1 (B)]. 


TAP 

HEAP OF 
POWDERED ОТА 
COMPOUND CAPILLARY ОВЕ 

SPATULA TUBE 
COMPOUND 
POROUS - 
PLATE 
(А) (8) (C) 


Fig.10.1. Filling of capillary tube 


(iv) Now hold the capillary with its sealed end down between 


thumb and a finger. Tap your hand against the table. The powder 
will go near the close end [Fig. 10.1 (С)). 


(у) Repeat the Steps (iii) and (iv) to fill the capillary to a 
capacity of } cm in length. 


(6) Determination of melting point 


(i) Таке a beaker and fill it half with water (when the m.p. is 
below 90°C) or with paraffin oil (when the m.p. is above 90°C). This 
will work as the heating bath. Put a stirrer into it. 


THERMOMETER 
STIRRER 3 


tel CAPILLARY TUBE 3 
BEAKER HEB HAVING THE 
Tete COMPOUND 


PARAFFIN BATH 


Fig. 10.2. Determination of melting point. 


open end of the capillary must be kept above the liquid level and 
the ones should not touch the side wall or the bottom of the bath]. 
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(ii) Attach the capillary tube to the bulb of the themometer 
either with an asbestos thread ora rubber band so that the closed 
end of the capillary sticks to the bulb of the thermometer. 


(iii) Suspend the thermometer alongwith capillary from the 
clamp with the help of a thread or wire in such a way that the bulb 
of the thermometer dips in taken water or oil in a beaker. 


s (iv) Heat the bath slowly by rotating the flame around the 
bottom of the bath so that it is heated uniformly from all sides. 


(v) Stir the liquid in bath occasionally. 


(vi) Go on heating the bath liquid until the substance in the 
capillary just begins to melt. At this temperature the compound 
changes sharply from solid to liquid. Figure 10.2 shows an 
apparatus which can be used for finding a melting temperature. 
Record this temperature. 4 


Note. The presence of impurity lowers the melting tempera- 


ture, and also results in a more gradual melting over a range of 
temperature. 


Observations 


S.N. Organic Compound | Determined m.p. (°C) Literature 


m.p. (°C) 
1. Acetanilide 114 
2. Охајіс acid 101 
3. Benzoic acid 121 
4. Benzamide 128 
5. Phthalic anhydride 128 
6. Iodoform 119 
7. «-Naphthol 94 
8. Acetomide 82 
9. Urea 132 
10. Naphthalene 80:2 


—————— 


Result. The melting points of the given organic compounds 
оН РА E °C respectively. 


10.3. Boiling Point 


The temperature at which the va 
is equal to that of the atmospheric pre 
(b.p.) of that liquid. Since the b.p. 
atmospheric pressure, it varies fro 


pour pressure (v.p.) of a liquid 
Ssure is called the boiling point 
of a liquid depends upon the 
m place to place. The b.p. 


197 


of water at 1 atmospheric pressure is 100°C. It is lower at hills 
where the atmospheric pressure is low. The b.p. of a liquid increases 
in the presence of impurities present in the liquid. Boiling tempera- 
tures tend to be less reliable as a test of purity than melting tempera- 
tures because of the danger of superheating. 


Experiment 10.2. To determine the boiling points of given 
organic liquids. 


Apparatus and chemicals. Distillation flask of 25 m] capa- 
city, thermometer, Liebig condenser, receiver flask, clamp, wire 
gauze, cork, liquid sample, etc. 


(а) When the liquid sample is available in sufficient 
quantity. 


Procedure. (i) Take а 25 ml distillation flask. Fill it about 
half with the liquid sample whose boiling point is to be determined. 
Fix up the thermometer as shown in Fig. 10.3. Now attach the 
Liebig condenser and a receiver flask as shown in Fig. 10.3. The bulb 
of the thermometer must be at the level of the side tube of the flask 
and should not touch the neck of the flask, 


(ii) Heat the distillation flask gently and note down the 
temperature in the thermometer. The mercury in the thermometer 


will start rising and will become constant when whole of the liquid 
distills over. 


(iii) Note this constant temperature. This is the boiling point 
of the liquid. 


LEIBIG 'S 
CONDENSER 
v4 


PURE 
LIQUID 


Fig. 10.3. Apparatus for the determination of boiling point of a liquid 
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(iv) When а boiling temperature is measured the thermometer 
must measure the temperature of the vapour in equilibrium with the 
boiling liquid (Fig. 10.3). It should not be immersted in the liquid 
because superheating (boiling above the boiling point) can occur if a 
liquid is heated rapidly. 


Note. Boiling points of organic liquids (or inflammable 
liquids) are determined by distillation of the liquid (Fig. 10.3). For 
liquids boiling at higher than 100°C, air condenser is used. 


(6) When the liquid sample is available in small quantity. 


Procedure. (i) Take a hard glass boiling tube and place a 


little of liquid sample init. Put some pumic stones to avoid any 
spurting. 


ORGANIC 
LIQUID 


PUMIC STONES 


Fig. 10.4. На Of b.p. when the liquid sample is available in small 


(ii) Fix up a cork carrying a thermo: 
at right angle as shown in Fig, 104. someter and а glass tube bent 


(iii) Heat the tube with a Totating flame. 


(iv) The mercury in the thermo i isi 
become constant when the liquid suchen mn Start rising and will 
(у) Note down this с 


.(») Note onsta nts 
the given liquid sample. mt temperature. This is the b.p. of 


| 
M 
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Observations 
S. No. Organic Determined boiling Literature boiling 
compound point (°С) point (°C) 
1. Benzene 80 
2. Acetone 56 
З? Acetic acid 118 
4. Carbon tetrachloride 77 
Sr Ethyl alcohol 78 


Result. The boiling points of the given liquids 


se а TNI OR че Tespectively. 
ORAL QUESTIONS AND ANSWERS 
Q.10.1. Define melting point. 


Ans. When a pure solid substance is gradually heated, a 
temperature is reached at which it begins to melt. This temperature 
is called the melting point of the substance. 


Q . 10.2. Define boiling point. 
Ans. The boiling point of a liquid is the temperature at which 


its vapour pressure becomes equal to the pressure of the surrounding 
atmosphere. 


Q . 10.3. Define normal boiling point of a liquid. 


. Ans. Normal boiling point of a liquid is the temperature at 
which its vapour pressure becomes equal to one atmospheric pressure. 


Q.10.4. Is the boiling point of pure water in Delhi and at 
Nainital the same ? 


Ans. No. At Nainital water will boil at a higher temperature. 


Du 


UNIT 11 


Detection of Elements in Organic Compounds 


111. Introduction 


t 
ic compounds, the most commonly elements presen 
sspe, ics ова, пари aad” inge, Па бе 
i i io organic compound, the ‹ 
АН Obs As SU and hydrogen are found in 
EE St all organic compounds these need not be detected. In 
ane to detect the presence of nitrogen, sulphur and halogens, 
iti desired to convert them into ionizable Inorganic substances. 
i Е test is performed for their detection. In this test, 
U AP compounds are fused with sodium metal to convert the 
SON lently bonded elements into anions. The Sodium salts produced 
M Stet soluble ionic compounds. These can, therefore, be detected 
by employing the usual tests for anions. а 


11.2. Lassaigne Test for №, S and Halogens 


(i) Take an ignition tube, It-is made of Soda glass which is 
easily fused. 


(ii) Dry a pea size piece of freshly cut sodium metal by pressing 
between folds of filter paper. (Sodium metal is always kept in 
kerosene oil). 


(iii) Introduce the dried pea size Piece of sodium into the 
ignition tube and heat it gently over а Bunsen flame until the metal 
melts to a shining globule. Now cool 


the tube, 
(iy) Now introduce a small quantity of 
(5-10 mg of solid ; 4-5 drops of liquid) into the 
coyers the sodium metal completely. 
(v) Hold the ignition tube with the h 
heat the ignition tube gently until the 


organic compound 
ignition tube, This 


dth 1 til Sodium fuses, Now heat it 
first gently and then Strongly, unti reaction stops and the ] 
of the ignition tube becomes red hot [Fig. 11.1(a)}, ower end 


(vij Plunge the hot ignition tub 


carefully int 
containing about 10 ml of distill У шоа 


d water, Break 


( 200 ) 


Porcelain dish 
the tube with a 
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glass rod and the unreacted sodium, if any, undergoes reaction with 
water vigorously [Fig. 11.1(5)). 


— DRY SODIUM 
+ ORGANIC 
СОМРОЏМ 


BURNER 


Fig. 11.1. Preparation of sodium extract 


(vii) After the reaction is over, boil the. contents of the dish 
for about 5 minutes and filter [Fig. 11.1(c)]. This is known as 
sodium or soda extract. Divide in into 5 parts. 


Reactions 
Na+C+N —— NaCN 
Na+C+N-+S —— NaSCN 
2Na+S —- Маг5 
Na+X —— мах 
(X=Cl, Br 1) 
The bold letters elements come from the organic compound. 
Precautions taken during preparation of soda extract 


(i) As sodium reacts vigorously with water, all the apparatus. 
used during the fusion should be clean and perfectly dry. 


(ii) While plunging the red-hot tube into cold water, the 
unreacted sodium may fly-off and cause damage. Therefore, while 


Plunging the hot tube, cover the china dish with a wire guaze or 
Watch glass, 


(iil) In case the amount of compound taken is more*than that 
of sodium or the heating is not done strongly, some compound 
remains unreacted or gets charred. The sodium extract thus obtained 
is dark coloured solution and the tests for different ions cannot 
be done. In such a case fresh Sodium extract should be prepared by 


taking less amount of the compound and heating it strongly for a 
longer time. 
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11.3. Test for Nitrogen 
(i) Take about 1 ml of the soda extract in a clean test-tube. 
Test it with a litmus paper for it 


5 alkalinity. Ifit is not alkaline, 
make it alkaline by adding a drop of sodium hydroxide. 


(ii) To it, add а crystal of ferrous Sulphate or 1 ml of freshly 
prepared ferrous sulphate solution. 

(iii) Boil the solution and make it acidic by adding a few drops 
of dilute hydrochloric acid. 

fiv) Then, to it, add FeCls solution, 

(v) Formation of prussian blue or green ppt. or colouration* 
indicates the presence of nitrogen. Y 


Reactions 


Sodium cyanide present in the sodium extract reacts with 
ferrous sulphate (in alkaline medium) to form sodium ferrocyanide 
which reacts with Fe8+ ions (produced by the oxidation of Fe2+ ions 
in air or extra added from the reagent bottle) to yield a blue or 
greenish blue colouration or ppt. of ferri-ferro cyanide. 


Fuse . 
Na+C+N — NaCN(aq) 
M4 (In soda extract) 
(From organic 
compound) 


2NaCN--FeSO, 


—> Fe(CN)s-- NasS04 
4NaCN -FFe(CN)g 


-> Na4[Fe(CN)g] 
Sodium ferro-cyanide 
AFeCla + 3Na4Fe(CN)e —-> FealFe(CN)gla-+12NaC} 
Prussian blue 

11.4. Tests for Sulphur 

(i) Take 1 ml of so 
it with a few drops o 
‘sodium acetate solution. 
the presence of sulphur. 


2Na--S (from organic com; 
NagS+Pb(CH3CO0), — 


dium extract in a Clean test tube, А idif: 
f dilute acetic acid. То it, add about 1 e 
Formation of a black Precipitate indicates 


pound) TTA NasS(ag) 


From organic 
compound 
FeCl;--3NaSCN —+ Fe(SCN),--3NacI 
lood red colouration 
also Na;[Fe(SCN)] 
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solution. Formation of a purple colour indicates the presence of 


-sulphur in the given sample of a organic compound. 


2Na--S (from organic compound) —-> NasS(aq) 
NasS-- МагГРе(СК) МОЈ —> Na4[Fe(CN)sNOS] 


Sodium nitroprusside (Purple colour) 
11.5. Tests for Halogens 
(1) Silver nitrate test 


(i) Take about 1 ml of sodium extract and acidify it with dilute 
HNO3. 


(ii) Boil the solution for about 5 minutes to boil off #25 or 
HCN if sulphur and nitrogen are present. 


(iii) Cool the solution and to it add 1 ml of the silver nitrate 
Solution. Observe the following : 


(a) Formation of a curdy white precipitate, soluble in ammo- 


"nium hydroxide indicates the presence of chlorine in the organic 


compound. 


(b) Formation of a light yellow precipitate, soluble to some 


; extent in ammonium hydroxide indicates the presence of bromine in 
"the organic compounds. 


(c) Formation of a pale yellow precipitate insoluble in ammo- 


;nium hydroxide indicates the presence of iodine, 


- Reactions 
Na--X (from organic compound)— > NaX where (X=Cl, Br, I) 
(a) NaCl-+ AgNO; —> AgCl(s)+-NaNOg 
(White ppt.) 


(Soluble in aqueous ammonia) 
AgCI--2NH40H —— [Ав(МНЗ)з]СІ--2Н:0 
(Soluble complex) 
(5) NaBr+AgNO3 —> AgBr(s)  J-NaNOs 
(Light yellow ppt.) 4 
(Soluble to some extent in aqueous ammonia) 


AgBr--2NH40H ——> [Ag(NHg)s]Br--2H20 
(Sparingly soluble) 


(с) NaL-AgNOs ——  Agl(s) ^ --NaNOs 
(Yellow ppt.), f 
(Insoluble in aqueous ammonia) 


(2) Carbon disulphide test (For Bromine and Iodine only) 
(i) Take 1 ml of sodium extract in a clean test tube and acidify 


` it with а few drops of dilute hydrochloric acid. 


(0) To it, add a few drops of fresh chlorine water and a few 


-drops of carbon disulphide or carbon tetrachloride or chloroform. 
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(iii) Shake the contents vigorously and allow the two layers to- 
separate. : 
(a) Appearance of orange or yellow colour іп CSa layer indi- 
cates the presence of bromine. 
2Br 4- Сб —— 2CI 4-Br2 
(Extracted by 
organic solvent) 
Вг C82 — > Orange or yellow layer 


(b) Appearance of violet colour in CS» layer indicates the- 
presence of iodine. 


21--- Cl; —— 22 12 
(Extracted by 
organic solvent) 
I2+CS2 —— Violet layer 


(3) Beilstein Test 


This test is performed with the o 
For this, heat tip of a clean copper wire in 
it ceases to impait any colour to the lame. Then dip the wire in the 
organic compound under examination, and again heat the tip of the 
wire strongly in flame. A green colour in the flame indicates the 
presence of halogens in the compound. This test does not differentiate 
between the three halogens. The test depends upon the volatility of 
copper halides. 


Note. This test is also 
not contain any halogen. 


riginal compound as such. 
non-luminous flame until 


given by urea and thiourea which do 


ORAL QUESTIONS AND ANSWERS 


Q..11.1. Why is sodium metal kept in kerosene oil ? 
Ans. It is always kept in kerosene oil, be i 
л а cause it 
with the atmospheric oxygen and also it reacts with SEIS and die 
vapours. i 


Q. 11.2. Why can the elements like sulphur, 
and iodine present in an organic compound not 
radicals ? 


Ans. Organic compounds do not ionize j i 

they cannot be tested like acid radicals, e im solution hence 
Q. 11:3. What happens when a i i 

with sodium metal ? па ean’ element. is fused 
Ans. Nitrogen, sulphur 


compound are changed into sol 
etc. 


nitrogen, bromine 
be tested like acid 


and halogens 
обје salts e.g., 


· 11.4. Write down the 1 
ded complete reaction for the test of 


Present in an organic 
NaCN, NaS and Мах 


Ans. The following chemi 1 ~ 
nitrogen, cal reactions occur while testing 
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Fuse 
Na+ C+N —— NaCN 
<——— (In soda extract) 
(From organic 
compound) 


2NaCN--FeSO4, ——> Fe(CN)2+NaeSO4 
4NaCN-FFe(CN)s —= Na4[Fe(CN)g] 
4FeCla4-3Na4[Fe(CN)sg] —- Fea[Fe(CN)e]s4- 12NaCI 
Prussian Blue 


Q@.11.5. What is Lassaigne extract 7 


Ans. Тһе fused mass produced by igniting an organic com- 
pound with sodium is extracted with hot water. A solution so 
produced is called Lassaigne or sodium extract. 

О. 11.6. What is the colour of the sodium extract 2 


Ans. The sodium extract is colourless as its sodium salts are 
colourless. 


Q.11.7. Can we employ potassium for fusing an organic 
compound ? 


Ans. Potassium is more active than sodium. It is likely to 
«create difficulties during fusion, hence, it is not used. 


Q . 11.8. Can we use tap water to prepare sodium extract ? 
s Ans. No, tap water should not be used as it contains CI- 
ions, Only distilled water should be used for the purpose. 


О..11.9. Why is fresh solution of ferrous sulphate used in the 
detection of nitrogen ? 


_ Ans. Ferrous sulphate solution with time, gets oxidized to 
basic ferric sulphate by oxygen present in the atmosphere. 
4FeSO4+2H20+02 —> 4Fe(OH)SO4 
Basic ferric sulphate 


Q.. 11.10. The sodium extract of an organic compound gives 
a blood red colour with ferrous sulphate solution. Comment. 


Ans. When nitrogen and sulphur are present in the organic 
compound, they on fusion form NaSCN which reacts with Без“ ions 
to give a blood-red colour of ferrithiocyanate ion. 


UNIT 12 


Hydrocarbons 


12.1. Introduction 


Hydrocarbons are the simplest organic y 
Consist of only carbon and hydrogen atoms. Methane (CH4), ethane 
(C2H6), propane (CgHs), ethylene (C2H4), acetylene (C2H2) and 
benzene (CgH¢) are some of the examples of h | 


Methane, ethane, ethylene, acetylene 
whereas benzene is an aromatic hydrocarb. 
122. Alkanes 


The alkanes constitute a family of h 
member of this family is methane, CH4. Second is ethane, CoH 
Propane, CgHg, is the third member. of the alkane family, The 
electronic, structural and condensed Structur, 


are aliphatic hydrocarbons 
on. 


с al formulae fo 
ethane and propane are given below : gia: 
Methane 
H H 
pe | 
*XC*H —C— 
H S H T H CH, 
H H 
Electronic Structural C d 
formula formula Bene 
formula 
Ethane 
H H H H 
porre и 
xC HH —C—C_ 
н стоти HsC—cH, 
HECH H H 
Electronic Structura] 
formula formula aoe 
ormula 


( 206 ) 


207 


Ргорапе 
HHFH ннн 
ps srl 

H xc xc хх Hi RATER Ha3C—CH;—CH; 
ннн ннн 

Electronic formula Structural formula 


Condensed structural 
formula 


There are many more compounds in the alkane family. The 
names of all alkanes end in ‘““——ane” 


Alkane molecules are said to be saturated. 
molecule, each carbon atom is bonded to four other atoms by single 
covalent bonds; no double or triple bonds are present between 
carbon atoms. Saturated hydrocarbons are non-reactive. Hence 
saturated hydrocarbons are also called paraffins (para—less ; affins— 
affinity). The general formula of alkanes is C,H»,,». 


In a saturated 


123. Alkenes (Olefins) and Alkynes 


Alkenes and alkynes are hydrocarbons that contain double or 
triple bonds. An alkene (or olefin) contains a double bond between 
two carbon atoms. The simplest alkene 15 ethene, CaH4, which is. 
commonly called ethylene. 


Ethylene 
HxCx:CxsH H H 

, : “= с2 oe 

2 x B7 eS HeC=CHe 


H 
Electronic formula Structural formula Condensed structural 
ormula 


The second member of the alkene family is propene (or. pro- 
pylene), C3H6. 
Propylene 
H НН ннн 
а еура ГО А] 
Hx Cx xCxC 3H а HeC=CH—CH3 
x x X | 
H H H H 
Electronic formula Structural formula Condensed structural 


formula 


There are other members in the alkene family, e.g. butene, СаНа 
еіс. They all have one double bond between two carbon atoms. The 
Dames of all alkenes end in *'—ene". 


Alkynes are hydrocarbons that contain a triple bond between 
two carbon atoms. The simplest alkyne is ethyne, CgHs, which is 
commonly called acetylene. Y 
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Ethyne 
Hx CxxxCx н “H-C=C—H HC=CH 
Electronic formula Structural formula Condensed structural 


formula 
Other members of the alkyne family are 1-Ргорупе, (C3H4) 
2-Butyne, (СаНв) еіс. The names of all alkynes end in “—упе". 


Alkenes and alkynes are called unsaturated hydrocarbons 
because they contain double or triple bonds. Their double or triple 
bonds allow other molecules to be added to the hydrocarbon chain 
through a reaction. For example, both an alkene and an alkyne can 
be conyerted to the corresponding alkane by an addition reaction 
with На. This reaction is called hydrogenation and is shown 
below : 

Ni/473K 
CH2=CH2 + Hə ——— CH3CHg 
Ethyne Hydrogen Ethane 


Ni 
CH=CH + 2Ha ——— CHCH 
Eythene Hydrogen Ethane 


The general formula of alkenes is C,Ho,; the number of 
hydrogen atoms is twice the number of carbon atoms in the molecule. 
In case of alkyne family, the general formula is C,Ho,_9. The formula 

. shows that the number of hydrogen atoms is two less than twice the 
number of carbon atoms. 


12.4. Homologous Series 


The individual members о! 
logues. Р 


12.4.1. Characteristics of a homologous series 


1. All the members of a homologous series can be 
by the mama general formula. kor example, all а m 
represented by the same general formula C,Ho,, 
given values 1, 2, 3, 4, ...... etc. ud x 


2. Any two adjacent homologues differ by —CHs— uni 
example, propene (C3H6) and ethene (C2H4) differ by Some the 

3. The physical properties of the homologues sh t 
change with the increase. in molecular masses. Phe nn Sur dus 
density usually increase with increase in molecular mass in a СЕ 
gous series. i) 

4. The homologues can be prepared b 


mol I y almost similar 
-and have nearly similar chemical properties, methodg 
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12.5. Ethane, C;Hg 


Ethane is the next higher homologue of methane. It occurs 
with methane in natural gas, coal gas, etc. 
Experiment 12.1. To prepare ethane gas in the laboratory. 


Reaction. Ethane gas is prepared in the laboratory by heating 
a mixture of sodium propionate and sodalime. 


Heat 
CHsCH2COONa(s)+NaOH(s) —— CHs-CHs(g)-- NagCOs(g) 
CaO Ethane Sodium 


Sodium propionate 
carbonate 


SODIUM PROPIONATE 
+ 
SODA LIME _ 


DELIVERY 
TUBE 


Fig. 12.1. Laboratory preparation of ethane gas. 


Procedure. Set up the apparatus as shown in Fig. 12.1. Mix 
equal quantities of sodium propionate and sodalime and put into a 
hard glass boiling tube. Heat the mixture. Collect the gas by down- 
ward displacement of water. Fill up 5 or 6 jars in order to study its 
Properties. 


Note. Methane is prepared by heating a mixture of sodium 
acetate and sodalime. 


12.6, Ethylene, C2H4 
Ethylene is the first member of alkene series. It also occurs in 
Natural gases obtained from oil fields. 


Experiment 12.2. To prepare ethylene (ethene) gas in the 
laboratory. 


Reaction. Ethylene or ethene is prepared in the laboratory by 
heating a mixture of ethyl alcohol (1 part) and concentrated sulphuric 


10 


sid (2 parts). Sulphuric acid acts as a dehydrating agent. The 
rocess is then called acid catalyzed dehydration. 


CoHsOH(1)+HeSOa(!) ——> С:Н5Н504(1)--Н20(/) 
Ethyl alcohol (cone.) Ethylene hydrogen 
sulp 


ETHANOL + 
CONC H,SO, 


aH | 
| 


Fi A 
ig. 12.2. Laboratory Preparation of ethylene gas. 


C:H;HSO4 = С. 
На + 
Ethyl (g) HeSOa(1) 


Procedure. 5 
25 mL ethyl alcohol in the apparatus as shown in Fig. 12.2. Take 
Concentrated 


T as b 
ог 6 jars and study its preis ard displacement of 
12,7. Acetylene, C2H3 e 


It is the 


fir 
called ethyne. 7. ШешБег of. alk 


упе Я 
Traces of acetylene are presen, saris It is also 
Experiment 12.3. as. 
laboratory. To prepare acetylene (ethyne) gas in the 


L 
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Reaction. In the laboratory acetylene is prepared by the action 
of water on calcium carbide. 


CaC»(s)H-2H30(1) — > Ca(OH)s(aq)-- CeHo(g) 
Calcium carbide Acetylene 


Procedure. Set up the apparatus as shown in Fig. 12.3. Take 
some small pieces of calcium carbide in a flat-bottom flask. Add 


CALCIUM CARBIDE 
Fig. 12.3. Laboratory preparation of acetylene gas. 


water slowly to the flask through a thistle funnel until the lower end 
of the thistle funnel is under water. Acetylene gas is formed. Collect 
the gas in jars by the downward displacement of water. 


12.8. Properties and Reactions of Ethane, Ethylene (Ethene) 
and Acetylene (Ethyne) r 


Physical properties. These three gases ethane, ethylene and 
acetylene are colourless and odourless. These are insoluble in water 
but soluble in organic solvents like acetone, alcohol, ether, etc. Their 
m.p. and b.p. are as given below : 


Gas Melting point, K Boiling point, K 
Ethane 101 184 
Ethylene 104 171 
Acetylene 192 195 


These gases are lighter than air. 


212 
Chemical reactions. To study chemical reactions of these 


i i ћ experiment 
gases perform the following experiments. For eac 
poe samples of the gases in gas jars (Fig. 12.4). 


ACETYLENE 
» =F. = = 
las 4 
| ernen 
i 


(b) 
Fig.12.4. Gas jars ready for studying their chemical properties. 


Experimet 12.4. To study combustibility of ethane, ethylene 
and acetylene. 


Introduce a burning splinter into the jars containing these 
three gases. Observe the colour of the flame. 

Observation and explanation. 
burns with a non-luminous flame, and ethylene and acetylene burn 
With luminous flame, This indicates that these gases are combustible, 

Ethane 


, ethylene and acetylene contain 8075, 85:7% and 9239; 
of carbon res and acetylene contain 


ordinary conditions of 
not oxidized which result luminous 


These gases burn. Ethane 


The three gases burn in air to produce carbon dioxide and 
water. These reactions are highly exothermic 


2C2H6(g)-+702(g) —> 4CO»(g)4- 6H30(1)2-3119:6 k) 
CH—CH»(g)4- 3Os(g) —-> 2CO»(g)-4-2Ha20(1)2-1411*6 kJ 
2CH=CA(g)+502(¢) — 4CO»(g)4-2Ha0(/)4-2599:2 kJ 
These three gases form highly explosive mixture with air. 


You should take all precautions while performing any experiment 
with any of these gases. 
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Experiment 12.5. To study the action of ethan 
and acetylene with bromine water. 


Take bromine water in a test tube. 
each of the three gas jars. Cover these gas 
the contents well. Observe any change in с 


е, ethylene 


Add about 2 mL of it in 
jars with lids and shake 
olour of bromine water. 


Observation and explanation. Ethylene and acetylene 
decolourize bromine water. There was no action of ethane on 
bromine water. This indicates that ethane is a saturated hydrocarbon, 
and ethylene and acetylene are unsaturated hydrocarbons, 


Ethylene decolourizes bromine water. This is because bromine 


is used up by the double bond of ethene and а colourless product 
ethylene bromide is formed. 


CH2=CHo(g)+Bro(/) ——- CHe—CH,(/) 
Ethylene Bromine | | 
water Br Br 
(Brown) 1, 2-Dibromoethane 


or i 
Ethylene dibromide 


Acetylene contains one triple bond. So it is more unsaturated 
than ethylene. It adds on two molecules of bromine. First one 
molecule adds to give acetylene dibromide. Acetylene dibromide is 


still unsaturated and adds on second molecule of bromine to give 
acetylene tetrabromide. 


CH=CH(g)+Bra(/) ——> ПС Bs —+Br Вг 


Acetylene | 
Br Br CH——CH 
Acetylene 
dibromide Br Br 


1, 1, 2, 2-Tetrabromoethane 


or 
Acetylene tetrabromide 
These reactions with bromine are called addition reactions. 


Experiment 12.6. To study the action of ethane, ethylene and 
acetylene with alkaline potassium permanganate, 


Prepare 10 mL of 1 % aqueous solution of potassium решаи. 
Date іп а testtube. Make it alkaline by dissolving about 1 g o! 
Sodium carbonate in it, Now add | mL of this solution in each 
Of the three gas jars containing these gases. Cover the gas jars with 
lids and shake the contents well. Observe any change in pink colour 
of potassium permanganate or any other reaction. 


Observation and explanation. Ethylene and acetylene 
decolourize alkaline potassium permanganate solution (Ваеуегѕ 
геавепі). There is no decolourization with ethane This d 
that ethylene and acetylene are unsaturated ; ethane o era 
hydrocarbon. Ethylene is oxidized to ethylene glycol and acetylene 
15 oxidized to oxalic acid. 
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KMn0,(aq) 
CH2=CH2(g)+H20 +[0] ———— -> Снаон—снон 
Ethylene Ethylene glycol 
KMn0,(aq) 
CH=CH(g)+4{0] ————— HOOC—COOH 
Acetylene Oxalic acid 


Bromine water and alkaline potassuim permanganate are 
reagents used to test for unsaturation in an organic compound. 


Experiment 12.7. To study the action of ethane, ethylene and 
acetylene with acidic potassium dichromate. 


Prepare 10 mL of 1% aqueous solution of potassium dichromate 
in atest tube. Make it acidic by adding 1 or 2 drops of concentrated 
sulphuric acid. Add 1 mL of this solution in each of the three gas 
jars. .Cover them with lids and shake the contents of the jars. 
Observe any change in colour or any reaction. 


Observation and explanation. Ethylene and acetylene 
change orange colour of acidic potassium dichromate to green. 
There is no action with ethane. Acidic potassinm dichromate 
oxidizes ethylene to formic acid and acetylene to acetic acid, 


K,Cr,0,(aq) 
CH2=CHo(g)+ 4[0] ————— 2HCOOH 
Ethylene Formic acid 
K,Cr,0, (ag) 
CH=CH(g)+H20+[0] ——— — CH3COOH 
Acetylene Acetic acid 


Experiment 12.8. To Study the action of 
е ] ethan 
and acetylene with ammoniacal Solution of cuprous оно. er 


WATER 
AMMONIACAL 


CALCIUM 
CARBIDE 


ss Д 
SOA 
2 


Fig.12.5. Demonstration of the action of ammoniacal cuprous 
chloride solution on a acetylene gas. 
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Prepare 10 mL ammoniacal solution o 
dissolving 0°5 g of cuprous chloride in dilute 
solution. Take 2 mL of this solution in a tes 
gas through it. Observe any change in со! 


f cuprous chloride by 
ammonium hydroxide 
t tube and pass ethane 


Observation and explanation. Acetylene gives reddish 
brown precipitate when bubbled through ammoniacal solution of 
cuprous chloride. No reaction is observed with ethane and ethylene. 


Hydrogen atoms of acetylene are Teplaced by copper forming 
dicopper acetylide. 


[Cu(NH,),]Cl [Cu(NH;);]CI 
CH=CH === CH=CCu(s) ———— > CuCzCCu(s) 
Acetylene Copper Dicopper acetylide 
acetytide (Reddish brown ppt.) 


Tests for Acidic Nature of Acetylene 


(i) Acetylene when passed through ammoniacal silver nitrate 
solution gives a white precipitate of disilver acetylide. 


ТАв(МН,) МО, [Ag(NH3):]NO; 


CH=CH ———— — CHzxCAg(s)———— ——— —AgCzCAg(s) 
Acetylene Silver Disilver 
acetylide acetylide 


(White ppt.) 
(1) Acetylene reacts with sodium amide in liquid ammonia : 


HCz:CH--NaNHa(NBs) == HCzCNAa(NH?)J-NH3- 


—- NaC=CNa+NHg3 
Sodium 
dicarbide 


. . (ii) Reaction of ammoniacal cuprous chloride with acetylene as 
discussed in experiment 12.8. 


Explanation 


These are substitution reactions. Here acidic H has been 
replaced by some metals. A terminal triple bond геасіѕ with certain 
bases, the terminal hydrogen atom being replaced by a metal ion. 
These bases are: sodium amide in liquid ammonia, Cu (I) lon in 
aqueous ammoniacal solution, and Ag (I) ions in aqueous ammoniacal 
Solution. 


The reason for the acidity of the hydrogen atom attached toa 
terminal triple bond is that the „negative charge on the anion 
RCSC-, can be delocalized by interaction with the cloud of x 
electrons in the C=C bond. This reduces the charge on the terminal 
carbon atom and reduces its attraction for a proton. 


Table 12.1 gives the summary of all the experiments performed 
and their results. 
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12.9. Tests for Ethane, Ethylene and Acetylene 
With samples of these th 


ree gases, perform the tests listed in 
Table 12.2. Yo 


u would be able to distinguish between ethane, 
ethylene and acethylene, 


Table 12.2. Tests for ethane, ethylene and acetylene 


S.N. Tests Ethane Ethylene Acetylene 
(ethene) (ethyne) 
l. Action of bromine Noreaction Brown colour Brown coour 
water turns colourless turns colour- 
less. 
2. Action of alkaline No reaction Pink colour turns Pink colour | 
nO, solution colourless turns colour 
less. 
3. Action of ammo- No reaction No reaction Rech Drown 
паса! Cu,Cl, solution precip . 


ORAL QUESTIONS AND ANSWERS 


Q.12.1. What is the difference in the molecular formula of 
any two adjacen 


t members of а homologus series of hydrocarbons. 
(i) in terms of molecular mass. 
(ii) in terms of number and kind of atoms in their molecules. 
Ans. (i) 14 (ii) —CHg— 
Q.122. Select the h 


are members of the same ho 
each homo] 


ydrocarbons from the following gn 
mologous series. Also give the name o 
08005 series representing the hydrocarbons. 


CH4, C2H2, C2H4, CoHe, C4H;0, C3H4, СзНе 
Ans. Homologous series : 

Alkane CH4, C2H6, CaHiy 

Alkene C3H4, СаНб 

Alkyne СНз, Сана 


vec + 12.3. Which hydrocarbon decolourizes bromine water and 
Elves white precipitate with ammoniacal solution of silver nitrate ? 
Ans. Acetylene 


O.124. Which of the following compounds will give an 
addition reaction ? 
C2Hs, СзНв, C2H4, C3H4, C2H2, СеНја 
Ans. C2H4, C3H4, CaH». 
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Q.12.5. Give two examples of each of the following : 
(i) Saturated hydrocarbons 
(ii) Unsaturated hydrocarbons 


Write names and structural formulae of the examples you give. 
H H HHH 


21 ЕД 
Ans. (i) Bed SUCRE 
| 


НН Н! 
Ethane Propane 
H H 
à SC- i H- C=C H 
(ii) a 7€ SN 
Ethylene Acetylene 


Q.. 12.6. Write the structural formula of a saturated hydro- 
carbon containing 3 carbon atoms in its molecule. 


НУНУН 
Pll 
Ans. Se а Propane 
ННН 


О. 12.7. What is the general name given to all the compounds 
containing only carbon and hydrogen 7 
Ans. Hydrocarbons. 


О. 12.8. The general molecular formula of alkanes is C, Hon42. 
‘What will be the general molecular formula for 


(i) alkenes, and (ii) alkynes ? 
Ans. (i) CnHon (ii) С.Н», » 
О. 12.9. Write the molecular formulae оѓ: 


(i) first four members of the homologous series of alkanes. 
(ii) first two members of the homologous series of alkenes, 
(iii) first two members of the homologous series of alkynes, 
Ans. (i) CHa, CoHe, СзНв, СаНу) 
(ii) C2H4, CaHg 
(iii) C2H2, C3H4 
Q. 12.10. Complete the following reactions : 
(i) CH2=CH2+Bro(aq)——> 
(ii) CH=CH+Bre (ад) 
Ans. (i) >CH2Br—CHeBr 


1, 2-Dibromoethane 
ог Ethylene dibromide 


| 


- 


2. 2 ан: 
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(ii) ->CHBr=CHBr 


1, 2-Dibromoethene 
or Acetylene dibromide 


—- CHBra—CHBra 
Acetylene tetrabromide 


70.12.11. Why does ethylene decolourize bromine water, 


while ethane does not do so ? 


Ans. Ethylene is an unsaturated hydrocarbon and forms 


addition compound with bromine water. Ethane is a saturated 


hydrocarbon and does not react with bromine water. 


Q.. 12.12. Give one example of addition reaction of chlorine. 
Ans. CHo—CHg-Cls —> CH»3CICH$CI 
Ethylene Ethylene 
dichloride 


О. 12.13. Name the products obtained by the combustion of 


"saturated and unsaturated hydrocarbons. 


Ans. СО» and H20 


Q,. 12.14. Ethane burns in oxygen to form carbon dioxide 
and water. Write balanced chemical equation for this reaction. 


Ans. 2CH3CHs4-705 —— 4COo+ 6H20 
О. 12.15. What do you understand by unsaturation ? How 


‘will you test unsaturation in an organic compound ? 


Ans. Organic compounds in which there is at least one double 


-or triple bond in carbon chain are called unsaturated compounds. In 


such compounds carbon atoms combine with another through two or 


‘three pairs of electrons. An unsaturated compound is reactive 


particularly for addition reactions. Such a property of unsaturated 
compounds is called unsaturation. 


Bromine water is instantly decolourized by unsaturated com- 
Pounds due to addition reactions. Now, if on adding a few drops 
Of aqueous bromine to the organic compound, the brown colour of 
Фготіпе is discharged, then the compound is unsaturated. 


UNIT 13 


Organic Liquids—Their Separation and 
Purification 


131. Introduction 


A pure substance is defined as any kind of matter of which all’ 
samples have identical composition and identical properties. For 
example, all samples of methyl alcohol contain exactly the same pro- 
portion of carbon, hydrogen and oxygen, regardless of the sources of 
samples. All samples have the same boiling points. Pure substances 
may be elements or compounds: when elements or compounds are 
mixed, a mixture is formed. The various constituents of a mixture 
have different physical properties. This difference in their physical 
properties is utilized to separate them from a mixture. The consti- 
tuents of a mixture can be separated by physical methods like sedi- 
mentation and decantation, filtration, evaporation, sublimation, 
distillation, crystallization, magnet, separating funnel, etc. 


13.2. Distillation 


Distillation is a process where a liquid on heating changes into 
vapours and then vapours on cooling convert into liquid (Fig. 13.1). 
This method is employed to separate a mixture when both com- 
ponents are liquids or one is a soluble solid and the other is a liquid. 
This method is quite useful in purifying liquids and is based on 
differences in boiling points. From a mixture containing ether 
(b.p. 308K) and other liquids (boiling points above 373K), the former: 
is separated by distillation. In case the liquid to be purified is high 
boiling or decomposes below its boiling point, the distillation is 
carried under reduced pressure (Fig. 13.2). When the boiling points 
of the liquids are close to each other as in the case of acetone (Б.р. 
333K) and methyl alcohol (b p. 338K) they can be separated Бу: 
fractional distillation (Fig. 13.3) using a fractionating column. 
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2] 


THERMOMETER 


TOSINK 


CONDENSER 


INLET 


DISTILLED 
LIQUID 


Fig.13.1. An assembly for distillation 


THERMOMETER 


STOPCORK 


WATER CUTLET 


WATER 
INLET 


LIQUID. 


Fig. 13.2. An assembly for distillation under reduced pressure 
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DISTILLED 
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133. Fractional Distillation 


е many types of fractionating columns available (Fig. 
13.4) BE UE fulfill the same purpose i.e., to increase the Coolie, 
surface andto provide an obstruction in the path of ascending 
ours and descending liquids. One of the simplest columns consists 
Mea long tube packed with small inert materials such as glass beads 
(Fi 13.3) which does not react with the substances being distilled. 
This tube is fitted to the neck of the flask containing the mixture of 
liquids to be distilled (Fig. 13.3). When a mixture of vapours rises 
the column, those of less yolatile liquid condense on the glass 
Bears more readily than those of the more volatile liquid. Then as 
the condensed liquid trickles down the column; it is heated by the ris- 
ing vapours. Some of it again vapourizes to give vapours richer in the 
component with the lower boiling point. These vapours condense 
further up in the column and are heated by the rising vapours And 
again the condensed liquid is partially vapourized to give vapours still 
richer in the lower boiling point component. Asa result of the: 


| THERMOMETER 


| p IMPURE 
LIQUID 


| 
N 


Fig.13.3. An assembly for fractional distillation 


un 
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, and this is then 


13.4, Separating fannel 


A mixture of two immiscible liquids can ђе Separated by using a 
Separating funnel. When the mixture of two immiscible liquids is 


Wer layer and the lighter layer forms the upper layer. On opening 
ia tap, the lower layer comes down first, followed by the upper 


ayer. А mixture of benzene and water can be separated by this 
method, 
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STOPPER 


SEPARATING 
FUNNEL 


LIGHTER LIQUID 


HEAVIER LIQUID 


Fig. 13.5, Separating funnel 
13.5. Experiments 


Experiment 13.1. То Separate a mi iqui i 
different boiling pots mixture of two liquids having 

Apparatus. Round bottom flas 
clamps, thermometer, fractionatin 
condenser, adaptor, conical flasks, 


k, burner, tripod, iron stand, 


8 column, air condenser, water 
beakers etc, 


Chmicals. A mixture of liquids (miscible) 
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Procedure 


(a) Simple Distillation. Set up the apparatus as shown in 
Fig. 13.1. Take the mixture of the liquids (say water Б.р. 100°C and 
glycol b.p 179°C, whose boiling points are Very different) in a round 
bottom flask and start heating. On heating for some time, the con- 
tents of the flask will start boiling and vapours will start forming in 
plenty. The vapours entering the condenser will be richer in water 
than in glycol. So the resulting liquid (distillate) will contain a higher 
proportion of water and lower Proportion of glycol than the original 
mixture. The liquid Temaining in the flask will contain a higher 
Proportion of glycol. Collect the sample of distillate obtained at 100°G 
in a beaker. When the whole of water will be converted into vapours, 
temperature will start rising. At this stage, collect the sample of 
distillate in a separate beaker. After some time you will observe 


Start collecting the distillate. Redistillation of the first distillate will 
further enrich it in the lower boiling point component and by 
repeated distillations a Sample of pure water will be obtained. Treat 
the last distillate on the same lines. After repeated distillations a 
pure sample of glycol will be obtained. 


Precautions, 1. Тр order to ensure “uniform heating, add 
Same pumic stones into the flask. 


2. For liquids having b.p. < 100°C use water condenser, 
3. For liquids having b.p.>100°C ог more use air condenser, 


. (b) Fractional Distillation. Set up the apparatus as shown 


of methyl alcohol, a less Volatile liquid. Condensed liquid will 
further come across the rising vapours and thus some ofit will 


and put another one. At this stage, the distillate will be a mixture 
ОГ acetone and methyl alcohol. When again the temperature is 
Stabilized replace this receiver. Now the vapours emerging from the 
top of column will condense to a liquid which is essentially the pure 
Methyl alcohol, a higher-boiling point component. 


immi XPeriment 13.2. To separate a mixture of two liquids 
immiscible with each other. 
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Apparatus. Tripod, conical flasks, beakers, separating funnel. 
Chemicals. A mixture of liquids. 


Theory. The separation of the components of a mixture 
depends upon the density of the constituents of the mixture. 


Procedure. Take the mixture (Water and benzene) in the 
separating funnel. Soon the heavier liquid ге. benzene will form the 
lower layer. Now open the tap and the lower layer will start coming: 
down. Collect the liquid ina receiver. Now put another receiver. 
This receiver will contain a mixture of the two liquids. When the 
upper layer starts coming down, replace the receiver and collect it. 
Thus the separation of two immiscible liquids will be achieved. 


ORAL QUESTIONS AND; ANSWERS 
Q..13.1. What is condensation ? 


Ans. It isa process in which a substance changes from the 
gaseous form (vapour) to the liquid form. 


Q..13.2. What is distillation 7 


Ans. It isa process of purifying liquids in which th : 
changed into vapours and then condensed back to the liquid SEA " 


`) 


UNIT 14 


Displacement Reactions 


14.1. Introduction 


АП the reactions you have come across involve the loss and 
gain of electrons. When a metal reacts, the lattice loses electrons, 
forming positive ions. The electrochemical series based on electrode 
potential tells you how easily this process takes place when metals 
Teact with water, acids or solutions of other metal salts. These 
electrons lost from the metal atoms may be consumed by : 


hydrogen atoms in water on acids. 
the ions of a less reactive metal, or 
the atoms of a non-metal, 


When non-metals react, their atoms accept electrons, and thereby 
become negative ions. These electrons, gained or accepted by the 
non-metal atoms have been lost (or supplied) from : 


metals atoms or 
less reactive non-metal ions. 


So all these reactions involve the transfer of electrons from the atoms 
Ог ions of one element to the atoms or ions of another element when 
One species loses electrons another gains them. 


Oxidation is the loss of electrons by atoms, ions or molecules 
and reduction is (he gain of electrons by atoms, ions or molecules. 
Since there cannot be a net loss or gain of electrons in a chemical 
Feaction—only a transfer among substances-oxidation and reduction 
Must always occur as concurrent reactions in equivalent amounts. 
Such coupled reactions are called redox reactions, A large num- 

ег Of redox reactions are possible which arise from various com- 
inations of pairs of oxidants and reductants. 

й Any substance that promotes the loss of electrons because of 

15 tendency to gain them is called an oxidizing agent. Any subs- 

tance that readily gives up its electrons iscalled a reducing agent, 

US, in a reaction oxidizing agents get reduced and reducing agents 
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are oxidized. Under the circumstances, the oxidation state of any 
substance may be used to predict the tendency of a material to act as 
an oxidizing agent ora reducing agent. A knowledge of common 
oxidizing agents and reducing agents can help us design reactions in 
which selected substances can be oxidized or reduced. 


14.2. Displacement Reaction 


A displacement reaction is a reaction in which an atom, ога 
group of atoms, present in a molecule is displaced by another atom. 


Consider the reaction between zinc metal and copper (II) 
sulphate solution and also between copper metal and silver nitrate 
solution. The zinc strip is immersed in a solution of copper sulphate 
contained in a beaker A (Fig. 14.1) and the copper strip is placed in 
a solution of silver nitrate contained in a beaker B (Fig. 14.2). We 
observe some reactions in the beakers and allow to proceed for some 
time say 10 minutes. After 10 minutes, we observe some metallic 
deposit on the two strips. Why does this change take place on the 
metallic surface? This is an oxidation-reduction reaction. The 


reaction of zinc metal with copper sulphate can be considered in two 
half-reactions. 


Oxidation : Zn(s) ——> Zn2+(aq)+-20- 
Reduction : Cu*(ag)--2e- —-— Cu(s) 
Netreaction : Zn(s)+Cu?+(aq) — > Cu(s)--Zn?*(aq) 


= 


DEPOSIT OF 


Zn STRIP 


COPPER METAL | c 

M ош 

oH 

: o2 

[9] 

Il OSB 
INTENSE : 1 шов 
ВИЈЕ WAH awe 


COLOUR 


Zn(s) + Cu** (ag)-&Cu(s) + Zn*-* (aq) 


Fig.14.1. Behaviour of zinc towards aqueous solution of 
copper sulphate ; zinc metal displaces copper from 
copper sulphate 
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Zinc loses electrons and is, therefore, oxidized and Cu2+ ion gains 
electrons and is, therefore, reduced. 


/—— —2e- Oxidation——, 
Y 
оа 7 —=> Zn?*(aq)+Cu(s) 


——+-2е- Reduction——— 


In this reaction Cu2+ ions аге displaced from the solution by 
zinc ions and Cu?* ions after acceptin 


g electrons get deposited on the 
zinc strip. *Similarly the displacement of silver from silver nitrate in 
the presence of copper strip can be portrayed. 


c—2e —( hé Cn 
Se UO —= Cu?*(aq)4-2Ag(s) 


———-F2et*—Reduction—— 


This is an oxidation-reduction which can be considered in two 
half reactions 
Oxidation : Cu(s) —— Cu**(ag)--2e- 


Reduction : Agt(aq)+e- —— Ag(s) 
Net reaction : Cu(s)+2Ag*t(aqg) ——> Cu?*(aq)+2Ag(s) 


SOLUTION 
DEVELOPS A 
BLUE COLOUR 


DEPOSIT OF 
METALLIC 
SILVER 


SOLUTION 15 
COLOURLESS 


Cu(s) + Ад (aq) —-= Cu? (aq) + 2А9(5) 


Fig. 14.2. Behaviour of copper towards aqueous solution of 
AgNO; ; 


copper metal dtsplaces silver from silver nitrate 
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On the other hand if a copper plate is immersed in a solution 
of Zn(NOs)e (ог ZnSOa) no reaction takes place (Fig. 14.3). 


Why does copper behave differently towards Ар" and 202+ ions? 
The answer to this lies with the relative tendency of accepting 
elecrons by Ag* and Zn?* ions. Obviously Agt ions have a greater 
tendency to gain electrons (a greater tendency toward reduction) than 
Zn?* jons. Thus, a fair knowledge of relative oxidation and reduc- 
tion tendencies is essential in understanding the direction of spon- 
taneous change in redox. reactions (or displacement reactions). 


SOLUTION 
REMAINS 
COLOURLESS 


SOLUTION IS 
COLOURLESS 


———5» 
Cu(s) + Zn? (аа) ——» NOREACTION 


Fig.14.3. Behaviour of copper towards 


aqueous solution of 
copper metal does not displa not Za(NO, 


ce zinc from zinc nitrate. 
143. Experiments 


Experiment 14.1. To study the inter 


A x ; actions of some met 
with salt solutions and arranging them accordi oe 


ng to their activity. 
. Apparatus. Boiling tubes, boiling tube stand, and measuring 
cylinder. 
Chemicals. Magnesium, zinc, iron, 
copper strips, molar solutions of zinc sulphate, 
ferrous sulphate, lead nitrate, copper sulphate. 


lead aluminium and 
; aluminium sulphate, 


Procedure. Take five marked boiling tubes (a, b, с, d and e) 
and arrange them in alphabetical order in a boiling tube stand, Pour 
50 mL of molar solution of aluminium sulphate, zinc sulphate, ferrous 
sulphate, lead nitrate and copper sulphate into boiling tubes a, b,c, d 
and e respectively. 


а. 
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Dip pure magnesium strips in all the five boiling tubes for about 
1/2 hour. Observe the deposition of metals on the strips. Record the 
observations in the tabular form. Repeat the experiment with 
different metals and record the observations in the tabular form. 


Observations 
Added to solutions of the metal salts 
Pure 
metal 
Al,(SO,)5 2150, FeSO, Pb(NO,)s CuSO, 


Mg | Displacement Displacement | Displacement] Displacement |Displacement 
Al | No reaction Displacement | Displacement | Displacement |Displacement 
Zn | No reaction | No reaction Displacement | Displacement [Displacement 


Fe | No reaction No reaction | No reaction | Displacement |Displacement 


Pb | Noreaction | No reaction | No reaction | No reaction Displacement 


re ЕМЕ аа ТЫС dece a A o. 


Conclusion. In these experiments, you will find that displace- 
ment reactions take place. Metal from the strip dissolves. At the 
Same time metal displaces the metal from the solution of their salts. 
From the table one can infer that aluminium is quite a reactive metal, 
displacing four other metals from their salt solutions. 


The table also shows that a solution of Als(SOu)s is fairly 
unreactive ; only magnesium can displace aluminium from it. The 
results for lead and its salt аге the reverse of this. Lead metal is quite 
unreactive, displacing only copper from its salt solution. However, a 
Solution of lead nitrate is quite a reactive one; four metals can 
displace lead from it. 


.. The more reactive a metal is, the more unreactive are 
tès salts in solution, Its ions will be difficult to displace. 


An unreactive metal will have reactive ions whieh are 
easy to displace from solution. 


On the basis of experimental observations, the metals and their 


tons can be arranged in order of their activity. 
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The reactivity series for metals and their ions 


Metals Metal ions 
= MM 
Magnesium | Ма (а) 

Aluminium | 2 AlS*(ag) le 
а 5 2+ g 
Zinc | 5 Zn?*+(aq) | 5 
Iron ls Бе (ад) | 
| ЈЕ 
Tin | E Sn?*(ag) | 9 
~ |] 
о о 
Lead | Ei Pb?*(ag) | 19 

Соррег | Cu?*(ag) 4 


The table shows that the metals follow the order in which they 
appear in the electrochemical series (based on the electrode 
potential). 

A simplc rule, that works for all the experiments, can be dis- 
covered from the results. 


or types of reaction that takes place j 


n the experiment 14.1. 
(a) Precipitation, (5) Oxidati 


on, (c) Reductio i i 
oxidation (e) Decomposition n (4) Reduction; 
Ans. (d) Reduction/oxidation 
Q,.142. State which of the 
of the metals in the electrochemical 5 
(a) Copper, tin, iron, zinc 
(b) Zinc, iron, tin, copper 
(c) Zinc, tin, copper, iron. 
(d) Iron, Copper, tin, zinc, 
Ans. (b) Zinc, iron, tin, Copper, 
.Q..143. Can a displacement Teaction be c 
reaction. 


followin 


) 85 represents Ње огдег 
eries, 


Onsidered a redox 

Ans. Yes, Sec Section 14,2, 
Q.144. Cana reaction between laci 

be termed а displacement Teaction 7 poco und atuacid or water 


Ans. Yes, Because the meta] d 


is 
acid solution ог water. places hydrogen etc, from the 


а 
E 
6 Ly 


UNIT 15 


The Concept of pH and Determination 
of pH of Some Solutions 


15.1. Introduction 


Solutions of acids and bases in water may have H30* and OH- 
Concentrations that vary overa wide range, that is, from greater 
than 1 mol 171 down to 10-14 mol L™ or lower. Acidic solutions 
have [H3O"] greater than 10-7 mol 171 апі [OH-, less than 1077 
mol L-1 at 298K. Basic (alkaline) solutions ћауе [0Н7] greater than 
than 1077 mol L-1 and [HsO*] less than 1077 mol 171 at 298K. A 

де шта! solution such as pure water has [Hs0+]=[OH-]=10-7 mol L7} 

We have seen that it is Possible to describe acidity or basicity 
of a solution by specifying the Concentration of HaO* ions. А 
Danish biochemist, Peter Sorenson, in 1909, proposed a new system, 
to avoid the use of negative powers of 10, known as pH jscale. He 
defined pH as follows : 


The pH of a solution is the Negative logarithm to the base of 
10 of the hydrogen ion concentration [930+]. 


Thus, pH=—logio [Hs0*]=logi [E509 


„Тһе small p in pH is derived from the German word 'potenz" 
meaning power, Thus, pH means power of hydrogen ion. 


In the same Way, one can define the pOH as follows : 


pOH-— —log [OH7] 
Water is only slightly ionized, 


2H20 = H30*--OH- 


.,_ „The product of the concentrations of hydrogen ions and hydro- 
Xide ions | 


15 equal to 1'0x 10714 mol? L-2 at 298K. This product is 
called the ionic product for water, Kw. 


[H30*] [OH-]=Kw=1-00 x 10-4 mol L-2 
pPH+pOH=pKw=14 at 298K 
поре РН and pOH of any solution are related to one another as. 
WS : 


РН-рон=14 
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So, if either the pH or pOH of a solution is known, the other can be 
found by substracting from 14. 


To differentiate between neutral, acidic and ba: 


sic solutions, one E, 
‘can make this distinction in terms of pH, 


pH [930+] [он] | 
270 Basic «107 2107 mol 171 
=70 Neutral 1077 1077 тој 171 КС 
<70 Acidic >1077 <1077 тој 171 ^ 


There are no upper or lower limits to the pH scale, but for the 
vast majority of practical applications pH values are in the range 0 
to 14. 


For example, if a solution contains 46x10-3 mo] 171 of | 
18307] ions, its pH would be obtained as follows : 
| PH=—log [Hs0*] | 
| = —108 [4:6 x 10-3] h 
= —[log 4*6--1og 1073] f 
= —[0:66—3] | 
=2:34 | 
Тһеге аге тапу Situations that Tequire that we convert " 
measured pH values to hydrogen ion 


or hydroxide ion Concentrations. * 
For example, if a solution has pH 5.85, its hydrogen ion concentra- 
tion would be, 


PH=—log [H+] 
[H*]—Antilog of—pH 
—Antilog of—(5:85) 
—Antilog (0:15— 6) 
[H*]—1:41 x 1076 M 
Thus, the nature of the solut 


РН value of the solution. Acidity 


lon can be known by knowing the 
given in Fig. 15.1. 


and basicity on the PH scale are as 


ACIDIC NEUTRAL BASIC 
SLIGHTLY SLIGHTLy 5 


TRONGLY 
XC a aaa DUIS TONS 
EUM UA T. Len о S Si 5 


i8 14 
| 


STRONGLY 


HI sor ipo 105: fos gue 10-« 


1078 10-7 0-е 0-2 
Fig. 15.1. 


10-6 10-1" 19-9 49-5 qs 
The pH scale between 0 


and 14. 


Б 
р 
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15.2. Determination of pH 


sal indicator paper. The basic principle of the indicator paper is 
that it experiences a change in colour which is characteristic of the 


are called indicators. It is very difficult to make a choice as regards 
the particular indicator to be used for an unknown solution. Therefore, 
we must use an indicator which gives distinctly different colours over 
а wide range of pH. [Chis indicator is none other than the universal 
indicator which is a mixture of several indicators (Table 15.1). With 
Such a solution one can find the approximate pH of any solution 
Within this range. So called, pH paper is impregnated with a uni- 
versal indicator. When a strip of this paper is immersed in a solution 
the pH can be judged from the resulting colour. 


' Table 15.1. Working range of some indicators 


Colour 
Indicator Effective pH range Acid form. "Base form 

Methyl violet 0:0—3:0 енор едо 
Methyl orange 21—44 ues ION 
Methyl red 42—62 Red Yellow 
Bromothymol blue 6:0—7:8 gelo 
Phenol red 6:8—84 По MDC 
Thymol blue 7'9—9:4 Yellow Blue 
Phenolphthalein 8'3—10:0 Colourless Red 
Alizarin yellow 10:1—12:1 Yellow Red 


The colour an indicator shows, when you add it to a solution, 


"depends on the pH of the solution. So you can use indicators to 


Sive you an ide Of pH of any solution. Table 15.2, shows the 
“different colours, 
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Table 15.2. How indicators change colour with pH 


Indicator Colour of indicator at different Colour 
pH values change 


rie 36 = »1< RedBlue 
Litmus ВАН UIE уту E at pH 7 


ee Ена . RedeYellow: 
Methyl SIE PES, at pH 34 
orange анто NUNT CERERI 
COLOURLESS PINK Colourless 
Phenol- S eL a” SIDE 
phthalein — ———————- p 


с z n D x 5 еги at pH 9'8 


Low GREEN P REEN SN Д 
«2 Bue! Series of 


~ a е; 

Universal MR LO colour 

PD ге бр, 

indicator te changes 
through the 


ааа аа... Whole range 


Experiment 15.1. To determine the pH value of the follow- 
ing solutions using universal indicator paper and to classify them as 
acid, neutral or alkaline : (i) tap water, (ii) distilled water (iii) lemon 
juice (iv) vinegar (v) milk, (vi) lime water (vii) tomato juice 
(vili) orange juice (ix) dilute 2504, (x) dilute NaOH, etc. 


Apparatus. Beakers, test tubes, funnel, filter paper, dropper. 


Chemicals. 
samples, pH chart. 


Procedure. (i) Prepare the test solutions of acids and bases 
by taking them from shelf of various dilutions (concentrations). 
Extrect the juice from lemon/orange/pine apple/tomato, etc.Now take: 


all these samples in test tubes and number them carefully with their 
names. 


Universal indicator paper, solutions of test 


Make small pieces of 


the universal indi 
these on a glazed tile and n indicator paper and place 


umber them 1 to 10. 

, (iii) Take a clean dropper and put one dri 
indicator paper no. 1 and match the Solus obtained ak the ated 
dard colour chart. Note the pH on the colour chart where the two 
colours match. Now similar to this take all the solutions one by one 
provided to you (or prepared by you) with the help of clean droppers: 
and put them on separate indicator papers placed on the tile. Again 
match the colour developed on 


the pH paper with the stand H 
chart and thus note the pH of the анаан Rain 
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(iv) Record your observations as suggested in the table given 


) below and classify them as acidic, neutral or alkaline. 
| Note. Incase the universal indicator paper is not available, 
add 2-3 drops of universal indicator solution in all the test solutions 
contained in various test tubes. 
| Observations 
= O O 7-7 5 
S. N. Sample solution pH value Acidic|neutralf 
test tube alkaline 
| 1. Тар water 
4 24. Distilled water 
| 3 Lemon juice 
4. Vinegar 
5! Milk 
6. Lime water 
А Tomato juice 
8. Orange juice 
9. Dilute H2804 
10, Dilute NaOH 


Pon ee a 
15.3. Effect of Common Ion on pH 
Consider the ionization of aqueous acetic acid, 
CHsCOOH+H20 = CH3COO---H30* 

This is the equilibrium for the ionization of acetic acid in water. 
However, the solution that we are considering differs from a solution 
Of acetic acid in water, in that it has a large concentration of acetate 
aon as well as acetic acid. 

In this case, the expression for the equilibrium constant, Ка is 

к, (Изо (СНасоо ] ...(151) 
[СНзСООН] : 
this . When sodium acetate having a common acetate ion 15 added to 
» It is almost completely ionized as follows : 
CH3COONa = CH3COO--4-Na* 
n increase 
concentration of СНЗСОО- ions. Henec, to maintain the value 
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acetic acid suppresses the ionization of acetic acid and this decreases: 
the concentration of НзО+ ions in the solution. The decrease in the 

concentration of H3O* ions results in an increase in the value of pH. 

The suppression in the degree of dissociation of a weak electrolyte: 
(acetic acid) in solution on addition of an electrolyte solution which. 
has an ion in common is an example of the common ion effect. 


Ammonium hydroxide (a weak base) ionizes in water as given, 
NH4OH = NH*--OH- 


_ [NKO] 
K»—-—INH4OH] .. (15.2): 


When ammonium chloride solution having a common ammo- 
nium ion is added to this solution, it furnishes NH4* and СТ ions on. 
ionization, 


МНАС] = NHa4*--CI- 


Therefore, on addition of ammonium chloride an increase in the con- 
centration of the NHat ions takes place. Hence, to maintain the value 
of Ks constant in Equation (15.2), the concentration of NHA4CI will: 
be increased and the concentration of OH- decreased proportionally, 
because some of NH4* ions will recombine with ОН“ ions to form 
NH4OH. Thus, the addition of NH4CI to NH4OH solution suppres- 

ses the ionization of NH4OH and this decreases the concentration of” 
ОН“ ions in the solution. As the ОН“ ions concentration is decreased 

the Н+ ions concentration will proportionally increase because the 
value of Ку is constant, i e., 


K,—[H*j[OH ]— 10714 


The increase in the concentration of H+ ions results in à 
decrease in the pH of the solution. 5 in a 


Experiment 15.2. To study the pH change b Y 
effect in case of weak acids and weak bases, Pear лопов 


Apparatus. Test tubes, droppers, 


Chemicals. Universal indicator papi 
water, sodium acetate, acetic acid, ammoni 
nium hydroxide (aqueous ammonia solution) 


er, pH chart, distilled’ 
um chloride and ammo- 


Procedure 


1. Acidic Solution. Take two test tub 3 
about 2-4 mL of dilute acetic acid in both the faba moe 5 dake 
of sodium acetate to the test tube B and shake АЕА .5-1 g 
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2. Basic Solution. Follow the above procedure by taking 
pure 2-4 mL of dilute solution of ammonium hydroxide (aqueous 
ammonia) in test tube A and a mixture of aqueous ammonia (2-4 mL) 
and ammonium chloride (0 5-] 2). Note the colour developed and 
determine the pH by comparing them with the standard PH chart. 


Observations 


Solution pH value 
1. (i) acetic acid 
- (ii) Homogeneous solution of acetic 
acid plus sodium acetate. 
2. (i) Aqueous ammonia (NH4OH) 


(ii) Homogeneous solution of aqueous 
ammonia plus ammonium chloride. 


Result. 1. The pH of acetic acid solution increases on 
adding a strong electrolyte (sodium acetate) to it. 


2. The pH of aqueous ammonia decreases on adding a strong 
electrolyte (ammonium chloride) to it. 
ORAL QUESTIONS AND ANSWERS 


Q.15.1. Define (i) an acid, and (ii) a base. 


Ans. (i) An acid is а substance that yields hydroxinium ions 
ог aqueous hydrogen ions (НзО+) as the only positive ions in 
aqueous solution. 


(ti) A base is a substance that yields hydroxide ions (ОНГ) as. 
the only negative ions in aqueous solution. 


Q.15.2. What is pH ? 

Ans. Refer to section 15.1. 

Q.15.3. What is meant by the pH of a solution ? 

Ans. Degree of acidity. 

0.15.4. Define the term (i) neutral, and (ii) neutralization. 


Ans (i) Neutral means that the concentrations and amounts 
of H+ (НзО+) and OH- ions are equal (7j) The mixing of solutions 


of H3O*(aq) and ОН-(ад) resuiting in equal concentrations of each 
at the neutral point (pH— 7). 


.Q,. 15.5. Explain how the degree of acidity of different 
solutions is expressed and give two common examples. 


Ans. pH,=—log [HsO *(ag)] 
—minus log of the hydroxonium ion concentration 
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Measured by a pH meter or universal indicator paper. 
Lime juice pH=1°3 

Baking powder solution pH—8'7. 

Q.. 15.6. What is universal indicator ? 


Ans. This is a mixture of several indicators dissolved in 
absolute alcohol. Tt changes colour continuously over a wide pH 
range. 


Q,.15.7. What is the approximate pH of the following 
solutions ? 


(i) sea water (ii) blood (iii) saliva (iv) bile (у) cow’s milk 
{vi) gastric juice. 
Ans. (i) Sea water: 8'5 (ii) Blood : 7:4 
(iii) Saliva : 6°8 (iv) Bile : 78 
(у) Cow’s milk : 6:6 (vi) Gastric juice : ~1'0 
Q,.15.8. What will be the pH of 0.1 NHC! solution ? 
Ans. The pH of 0°1 NHC1 is 1. 


Q. 15.9. What is the pH of a pure sample of water at 298K 2 


Ans. Theoretically it is 70. However 
be a little less than 7'0 when measured byap 


Q.15.10. What is a buffer solution ? 


Ans. А solution that has th 
constant pH even when moderate 
to it is called a buffer solution. 


. 15.11. Addition of NH4CI decreases the i 
of A eros ammonia. Comment PH of 2 solution 


; it is always found to 
Н meter. 


€ ability to maintain 


а а уегу пеагју 
amounts of acid ог ђ 


ase are added 


Ans. Refer to section 15.3, 


Q.15.12. A solution of sodium acetate and acetic acid 
approximately equal proportions act as a buffer solution Expla | 
Ans. If 30" is added to the acetate-acetic acid 
it combines almost completely with CHsCOO- [TS vat 

CHsCOO-+H30t —_, CHsCOOH+H:0 
Therefore, there is no 


appreciable change ; 
tration and the pH remains unaltered, ge in the H30* 


T solution, 
HaCOOH 


concen- 

If OH- is added to the acetate-acetic ас; 

1 х асіа 
combines almost completely with acetic acid, Converting it to acetate 
ion, 

CHsCOOH+ OH- —_, CHsCOO-+H,0 

So, again there is no change in th z t 2 

tion, and therefore, in the pH. A BE tes 


buffer solution, it 


— 


å 
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Q . 15.13. Calculate (a) the pH of a solution of [H*]—0:001 M. 
(b) the pH of a solution Y, тон" ј=1079 M. 


Ans. [Н+]=0:001 M= = M 

= 1073 M 
Therefore, РН = —log 1073=3 
(b) [OH ј= 10079 M 


[H*] x [OH-]2 L x 10714 
ge 1X104 _ 1х10-м 


QD ГОНЕ noA 
=10714+9— 10-5 М 
pH--—log[H*]— —log 1075=5. 
Q. 15.14. Calculate (a) [Н+], and (b) [OH-] of a solution of 
pH-4. 
1 
Ans. рН= —log [H*]—log m 
=—log [H*]=log TA 
or log ays 104 
Taking antilog on both sides, 
l joi 
Tay 10 
or [H= = 1078 M 
Q. 15.15. Identify each of the following solutions as acidic, 
basic or neutral 
| (а) pH= (5) рон=6 (c) pH=9 
(d) рон=14 (е) [H*]-107M (у) poH=9 
(g) pH=0 (№) pH—3'5 (i) [ну] > 10-7M 
| (J)IOH]-107M = (k) pH=11°3 (1) [OH-]«1077M 
(т) рон=27 (п) рон=13 (о) [OH] 10-7M. 
(р) [H*]-«:107"M (а) pH—7 (r) рон=7 
[Ans. Acidic : a, d, f g, h, i, I, n ] 
| Basic : b, с, k, m, o, p 
Neutral : e, j, 9, г]. 


UNIT 16 


The Rates of Chemical Reactions 


16.1. Introduction 


The meaning of rate. It is faster to 
the stairs. The word fast and slow both de 
or coming down. Rate is a measure of the 
single unit of time. The unit of time can 
an hour. Many different rates of change 
few examples are listed in Table 16.1. 


use the lift, slower to use 
scribe the rate of going up 
‘change’ that happens in a 
be a second, a minute or 
are used in everyday life. A 


Table 16.1. Some everyday experiences with 
rates of change 


Example Rate 
І. Going to school by bus 30 kilometers per hour 
(km ph) 
2. Going to school by train 60 kilometers per hour 
(km ph) 


2. Playing a long playing (LP) 
record 


Playing a single 


30 revolutions of the turntable: 
per minute (rpm) 

50 revolutions of turntable per 
minute (rpm) 


3. Pouring petrol from a hand 50 mL per second 


operated pump 


Pouring petrol from а elec- 500 mL per second 
tricity operated pump 


Rate of Chemical Change 


„Та n chemical change reactants change to products, Chemical 
reactions vary enormously in speed, Some proceed slowly over a 
period of months (e.g., the rusting of iron); others take week to 
reach completion (e.g., the fermentation of alcohol); some reactions. 
are very fast (e.g., neutralization reaction of a Strong acid and a strong. 


(242) 


Мк ___ -== -3 


ере 
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base ; precipitation of insoluble salts) ; others are so fast as to be 
explosive (e.g., the reaction between hydrogen and oxygen). 


The speed of a reaction is called its rate. 


We have seen that different reactions occur with different 
speeds. In every reaction, the concentration of reactants decreases 
and the concentration of products increases with time. The speed at 
which a reaction takes place can be expressed as the rate of reac- 
tion. The rate of a chemical reaction is defined as the change in 
concentration of reactants or products per unit time. 


Change in concentration 


Rate of reaction= Time taken 


For example, a reactant with concentration 4:0 moles/litre 
decomposes into products. After 10 minutes its concentration 
is measured to be 2°4 moles/litre. The rate of the decomposition 
reaction is given by, 


(4 0—2:4) moles per litre 


Bue 10 minutes 


-A mol L-1 min! 


—0:16 mol 171 min ?. 
Measuring rates 


The next important question is : how can amounts of reactants 
Or products be measured ? Thisis often not easy to answer. In 
Inost of the reactions, reactants and products stay all mixed up, and 
In the same state. 


In the reaction, 
NaOH(ag)4-HCl(ag) ——> NaCl(ag)--H2O(I) 
all the reactants and products are in the same state (or phase). This 
18 called a homogeneous reaction. 


To separate one of them and measure the amount of it can be 
difficult, 


In this unit, we shall look only at reactions that give a 
Products in a different state from the reactants. Because the product 
is in a different state (or differs in colour from the reactant, etc.) the 
amount of it can usually be measured easily. 


Factors that affect rate 


We have seen that reactions move with different speeds. The 
Tate of a reaction depends upon the following factors : 


(i) concentration, у (il) pressure, (iii) temperature, (iv) light, 
(у) surface area, and (vi) catalyst. 
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(i) An increase in the concentration of reactants produces an 


increase in the reaction rate. This holds true for most of the 
reactions. 


(ii) As the concentration is a measure of the number of 
particles in a unit volume, an increase in pressure (particularly if the 
reactants are gases) leads to an increase in concentration. This in 
turn leads to an increase in the rate of reaction. 


(iii) The reaction rate increases as the temperature increases, 
While the effect of concentration on rate is being studied, the 


temperature of the system is always held constant and vice versa. 


(iv) Most of the reactions you perform in the laboratory are 
unaffected by light. Reactions that are speeded up by light are 
called photochemical reactions, e.g., a mixture of hydrogen and 


chlorine gases explode when exposed to light. Photochemical 
reactions are not very common. 


(у) The reaction rate increases when the surface area of the 
reactants is increased. Re: 


action of acid on powdered marble is much 
faster than on marble in chips form. 


(vi) A catalyst, generally, increases the rate 
synthesis of ammonia from Ne and Hp is catalyzed 


Now we shall plan a few experiments for studying the effect of 
concentration and temperature on the rate of reaction. 


of a reaction, e.g., 
by iron. 


16.2. Experiments 


Experiment 16.1. To measure the effect of concentration on 
the rate of chemical reaction. 


He02+2Ht+21- ——> 2820 4-I» 
at room temperature using different concentrations of iodide ions. 


Apparatus. Beakers, 


J conical flasks, burette, stop clock, 
measuring flasks, 5 


Chemicals, #20, KI, #2804, starch solution, 
Chemical reaction and basic principle 


In acidic solution, 


2]---2H*--H305 —— 2H30 4- Is 
It is quite likely that some HI would be formed in th i 
The HI so produced, in turn, would react with unreacted Hs, 
forming molecular iodine. 


Molecular iodine reacts with starch 


Present in the solution to 
give the blue coloured compound that colours the solution, 


Procedure. (i) Prepare 250 mL 1 M H. Os soluti 
out H20% solution in five beakers so that each sont eee 


| > 0 contains 25 mL. Now 
put these beakers in a trough containing cold water. 


тесу 
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(ii) Prepare 250 mL 2 M KI solution. Using a burette, measure 
out five different volumes say 25, 20, 15, 10 and 5 ml of KI solution 
in five conical flasks marked as 1, 2, 3, 4 and 5. Add distilled water 
In conical flasks marked 2, 3, 4 and 5 so thatthe total volume in 
each flask is the same. Now add 2 mL of dilute HaSO4(4N) and 
10 drops of freshly prepared starch solution. Shake the solutions in 
the flasks. Put the flasks in a trough containing cold water. 


(iii) Make a cross on a piece of paper, with а pencil. 


Put the paper under the flask no. 1 containing the K{ solution, 
So that you can sce the cross through the liquid. 


(iv) Now pour the HOz solution into the КІ solution (flask 
po: 1). Start a stop watch at the same time. Swirl the solution in 
the flask. 


(») Determine the time from the moment of the addition of the 
202 solution to the moment the cross completely disappears. 


(vi) As the blue suspension forms, it blots out the cross from 
view. Stop the stopwatch the moment the cross completely dis- 
appears. 


(vii) Repeat the operation with the remaining four flasks. 


(viii) Plot a graph of concentration of KI solution (this is to be 
calculated, or just use the volumes of KI solution used) against time. 
The shape of graph will be as given in Fig. 16.1. 


— 
=> 


VOLUME OF KI SOLUTION (ml) 


TIME 


Fig. 161. Concentration-time curves for the reaction of 
KI with H,O, at room temperature. 
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Observations 


H,O, CONCENTRATION CONSTANT 


REACTANTA 1 =, 


== => 
(8,02 = 
25 ті 25 ті 25ml 25 ml 25ml 
KI CONCENTRATION. DECREASES 
REACTANT B 


(KI SOLUTION) 


15 ml 


(i) Water is added to keep the volume constant 
(77) Equal volume of #2504 and starch solution is also added. 


Л 


Time taken for mark to disappear 


PAPER 
VIEWED 
| THROUGH 
А SOLUTION 


Rate decreases 


VIEW THROUGH SOLUTION 


TIME —————— > 
Time taken for mark to disappear increases 
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Results and Discussion 


The longer it takes for the mark to disappear, the slower the 
rate. With the use of the same volume of HeQz solution and the 
same volume of KI solution, you will always have the same volume 
ofsolution when you mix them together. The addition of starch 
monitors the progress of reaction. Starch on reacting with molecular 
iodine forms insoluble blue coloured complex. The cross will always 
disappear when a certain number of blue coloured complex particles 
have formed in the fixed volume. So it amounts to measuring the 
time it takes to produce a certain amount of complex. 


As you see from the trend of the time taken the rate of the 
reaction is the highest when the concentration of reactant B (KT) is 
the highest. Thus, ће more reactant there is present, the faster the 
reaction will go. 


Note. The procedure can be made more effective by adding 
1 mL of 0:175 solution of sodium thiosulphate to each of the flasks 
along with the KI solution, etc. When you add H20% solution to the 
mixture of iodide ions, sodium thiosulphate, acid and starch, the 
iodide ions react with HoO» to liberate iodine. 


2KI(aq) +HeSO(aq)-+H20a(aq) —> KeSOa(aq)+2H20(!) +12(aq) 
But this iodine immediately reacts with Маг 5203 solution : 
Ta(aq)+S20s2-(aq) —> 217-5400 (aq) 


and this continues to happen until all the S203? - ions have been 
used up. Then the iodine reacts with the starch solution to give blue 
colour. Determine the time from the moment of the addition of 
H20% to the moment when the solution turns blue. 


In this case, it is not necessary to observe the blotting of the 
cross. When Н»Оз solution is added start a stop-clock, cork the 
flask, quickly shake it and put it in the trough. Stop the clock 
assoon as a blue colouration appears in the flask. Record the 
time. 

i i to solely 

In the absence of sodium thiosulphate, one has o 
depend upon the appearance of blue colour. The addition of 
NagSoO3 increases the time of reaction and appearance of blue 
colour signals a certain stage of the reaction. 

i i between potas- 

Experiment 16.2. To study the reaction rates Р 
sium i and sodium sulphite using starch indicator at different 
concentrations and temperatures. 

Apparatus. Beakers, conical flasks, stop clock, burette, 
measuring flasks, thermometers, boiling tubes, stirrers. 


Chemicals. Potassium iodate, sodium sulphite, starch 
sulphuric acid. 


248 


Chemical reaction and basic principle 

Oxidation of sodium sulphite with potassium iodate is expressed 
by this equation. 

2K 103+ 5NaeSO3+HeSO4 —— I»--K9S044- SNa2SO4+H2O 
This reaction proceeds in Steps : 
Na2503+HS04 ——> #2503 --Маг50а 
KIOs--3H580s —— КІ--3Н,504 
KIOs-4-3H5S04--5KI —— 3К;50,-- 3H30 4-315 
Io--Starch —=> Starch—Is (blue in colour) 


Effect of concentration (temperature constant) 


Procedure. (i) Prepare 250 mL 1 M. solutions of potassium 
lodate and sodium sulphite. 


(ii) Using a burette, measure out, five different volumes say 
25, 20, 15, 10 and 5 mL of KIOs solution in five conical flasks label- 
led as 1,2, 3, 4and 5. Make up the total volume 25 mL in each of 
them by adding distilled water. 


(11) Take 25 mL of sodium sulphite solution in five beakers. 


Put | mL of dilute H2SO4 to each one of them followed by 10 drops 
of starch solution. 


(iv) For the operation, follow the Procedure as suggested in 
experiment по. 16.1. 


Cover 
5. Place a stirrer in 
0°C in another hole, 
he reactants, 


(ii) In the mean time, prepare 250 mL 1 M i z 
sium iodate and sodium sulphate. аа oU poter 


(iii) Now using a burette m 
20 mL of KIO; solutio 


А Dhite solution into five different 
boilings tubes. Now add 1 mL of dilute Н:50 
followed by 10 drops of starch solutio a 


n. Put ili i 
five different waterbaths, these boiling tubes in 


- 


[ 


z—— 
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(у) Now take the waterbath No. 1 and maintain its temperature 
at 0°C by adding ice. Now add KIOs solution from the boiling tube 
in water bath No. 1 to the test tube containing sodium sulphite 
solution in the same waterbath. Shake the tube well. 


(vi) Determine the time that elapses from the moment when the 
KIO; is added to the moment when the solution turns blue. 


. (v) Now maintain the temperatures in different waterbaths as 
given in table and repeat the operation in these waterbaths also. 
Determine the time of reaction as described for waterbath No. 1. 


Observations 
The experiment and its results. 


Reactants : (constant concentration) (in water baths) 
А —20 mL КІОз solution 
В —20 mL Ма503 solutlon 
1 mL H3S04 
10 drops starch 


0°С 15°С 30°С 40°С 50°С 
Temperature 


Increase in temperature 


Time for blue Increase in time 
colour to appear our mE UM E 
pe of reaction, Increase in time 
- -1 e 
"Time ? 


1 ,Perform the experiment at different concentration of vm 
so ution and tabulate the observations and experimental resu 
Blven on next page : 
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Volume 
5. ој 
Мо. КІОз 
solution 
(mL) 


ù љ~ о N 


Plot the 
rate of reaction. 


Fig. 16.2. 


Volume 
of 
water 
added 
(mL) 


Concen- 
tration of 
KIO3 
solution 


Time for blue colour 
to appear 


Room 
IC 


40°C | 50°C 


Rate of 
reaction 


(measured as 
1 


571) 


Тіте 


VOLUME OF КТО, SOLUTION —— > 
OR 
CONCENTRATION OF K 10.5 SOLUTION 


graph of KIOs volume (or concentration) against 


Volume of KIO, solution or concentration of KIO, solution. 
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Results and Discussion 


„From the observations and the graph you will see that the 
Teaction rate increases as the temperature increases. Also as the 
concentration is increased the rate of reaction increases. 

Note 


(i) With the use of thermostat better results will be expected. 


(i) Time for cross (drawn on a piece of paper as suggested in 
experiment 16.1) to disappear can also be measured. _ In that case, 
it is advised is to carry out the reaction in a small conical flask, „SO 
that the visibility of cross is not hampered by the column of solution 
as in the case of boiling tube. 


(iit) Along with starch, solution of sodium thiosulphate can 
also be added to increase the reaction period. Initially blue colour 
will not appear as the liberated molecular iodine will be consumed by 
Sodium thiosulphate. Blue colour will appear only, after the reaction 
between Маг520з and Ie is over. 


ORAL QUESTIONS AND ANSWERS 
O,.16.1. What do you understand by the rate of reaction. 


Ans. Refer to section 16.1. 


Q.16.2. What are the factors which could affect the rate of 
reaction. 


Ans. Refer to section 16.1. 


Q .16.2. What are homogeneous and heterogeneous reac- 
tions ? 


Ans. Homogeneous reactions are those in which the reactants 


-and products are in the same phase. For example, 


NaOH (aq)+HCl (ag) —-» NaCl (aq)+H20 (I) 
He (g)--Cls (g) — НСІ (g) 


Heterogeneous reactions are those in which the reactants and 
Products are in different phases. For example. 


2Mg (s)--Os (g) —-> 2MgO (5) 
Zn (5) +2НСІ (ag) —-> ZnCls (ag)-- He (2) 


UNIT 17 


Chemieal Equilibrium 


171. Introduction 


ical reactions carried out in a closed system eventually 
Teach CORN ‘of equilibrium in which the concentrations of all the 
reactants and products do not change with time. In a closed system, 
none of the products are removed or allowed to escape from the 
reaction vessel, and no additions of any of the reactants are made, 
The equilibrium is always a dynamic one, in that the reaction does 
not stop when equilibrium has been attained, but the Tate of the 
forward reaction decreases while that of the Teverse reaction increases 
to the point at which the rates of the forward 
are equal. 


The reactants and the products do not always have the same 


the reactants and the pro- 


ducts, and on the temperature. The quantitative treatment of equili- 


brium concentrations is governed by the law of chemical equilibrium, 


Sometimes called the law of mass action and mathematically 
described as the equilibrium expression. 


Consider a reversible reaction A+B = C+D 
Applying the law of mass action, 
The rate of the forward reaction, У; 
Vrec[A] [BI— K [A] [B] 
The rate V of the Teverse reaction, г, 
[С] [р]=К, [C] [D] 


where Ку and K, are the rat 


© constants of the forward and the 
теуегве reactions respectively. 


At equilibrium =r, 
Hence, К; [A] [B]=K, [C] [D] 
К, C] [D 
or elon, (16.3). 


(252) 


and reverse reactions. 


equilibrium concentrations. 


(16.1). 


(16.2). 
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К, which is equal to the ratio of the two rate constants, is 
called the equilibrium constant. The equation (16.3) is called the 
equilibrium expression. 


In general, in an equilibrium 
aA+bB = cC-+dD 

K= [Cle (DI? (products) 

* [A] [В] (reactants) 


17.2. The Effect of Conditions on the Position of Equilibrium 


Le Chatelier studied the influence of pressure, temperature and 
concentration on equilibria. His views are known as Le Chatelier's 
principle. This states that in any equilibrium when a change is made 
in the concentration, temperature or pressure of an equilibrium 
mixture, the equilibrium shifts in direction that tends to oppose the 
change. 


Now we shall discuss the effect of these factors on equilibrium 
state of a reaction. 


17.2.1. Effect of Change of Concentration 


Consider the following equilibrium 
No(g)+-3He(g) = 2NHs(g) 


Suppose some Hs is added to the equilibrium, the equilibrium 
will shift towards right. Similarly, addition of Ne causes a shift to 
the right, and addition of NHg causes a shift to the left. The general 
Tule is that increase in the concentration of one substance in an 
equilibrium mixture displaces the equilibrium in that direction which 
consumes some of the added material. Decrease in the concentration 
of a substance causes the production of more and more of that 
substance. This property is utilized in chemical industries to get 
better yield. 


1722. Effect of Change in Temperature 
Consider the following reaction at equilibrium, 


Exothermic 
No(g)-+3Ho(g) =  2NHs(g)i92kJ 
Endothermic 


The forward reaction is exothermic and the reverse reaction is 
endothermic. In applying Le Chatelier's principle to predict the effect 
Of change in temperature on the equilibrium, the general rule is, 
increase in the temperature causes reaction to occur in that direction 
Which results in absorbtion of heat, and decrease in the temperature 
Causes reaction to occur in the direction which results in the evolution 
of heat. Therefore, decrease of temperature in the above reaction 
shifts equilibrium towards right, i.e., favours formation of ammonia. 
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Similarly, in reaction 


Na(g)+O2(g) = 2NO(g)—180:5 ky 
if temperature is increased the forwa 
conclude that formation of ammoni 


and formation of nitric oxide is favoured at high temperature. 


Forward Reverse Favoured by Favoured by 
reaction reaction increased decreased 
temperature temperature 
1. exothermic endothermic reverse forward 
2. endothermic exothermic forward reverse 


17.23. Effect of Change in Pressure 


The rule is that increase in t 
equilibrium favours that reaction which 


2S0»(g)--O»(g) = 2SOs(g) 

-——-——— ——V-——. 

2--1—3 moles 2 moles 

is accompanied by a decrease in number of moles, 

Chatelier's principle, therefore, a high pressure wo. 

yield of sulphur trioxide. Similarly, the formation 
N»(g)--3H»(g) = 2NHa(g) 
G-—..-— V—-—V-—— 
1--3—4 moles 2 moles 

is accompanied by a decrease in the number of moles, 


Is 2 2 у If the pressure 
Isincreased volume will decrease. Thus, increase in Production оѓ 
ammonia is observed at higher pressure. 


Consider the dissociation of phos 


According to Le 


uld give a better 
of ammonia 


phorus Pentachloride, 
PCls(g) = PCla(g) +Clo(g) 
Soa ES А 
1 mole 1+1=2 moles 
The forward reaction is accompanied by 
of moles. According to Le Chatelier’s princi 
phosphorus pentachloride is Suppressed with і 
Other reactions that illustrat. 


the increase in number- 
ple the dissociation of 
Dcrease of pressure. 


€ the effect of Cha: i 
are the following : nge in pressure 
Reaction Direction Savoured by 
increased Pressure 
C(s)+H20(g) = CO(g)-- Hs(g) Teverse (<) 
2NO»(g) = N»O4(g) forward (>) 
He(g)+Cle(g) = 2HCI(g) 


Neither 


td reaction is fayoured. Now we 
a is favoured at low temperature 
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The following table summarizes the effects on the synthesis of 
ammonia discussed in this section : 


Change Reaction favoured 
add Ne ог He forward (>) 
add NH3 reverse (<) 


remove Мо or Ha reverse (<) 


remove NH3 forward (—) 
increase pressure forward (>) 
decrease pressure reverse (<-) 
increase temperature reverse (<) 
decrease temperature forward (—) 


17.3. Experiments 


Experiment 17.1. To study the shift in equilibrium between 
ferric ions and thiocyanate ions by increasing the concentration of 
either ions. 


Apparatus. Beaker, boiling tubes, boiling tube reck, droppers, 
weight box, glass rod, measuring cylinder, measuring flask. 


. Chemicals. Ferric chloride potassium thiocyanate and potas- 
sium chloride. 


Chemical reaction at equilibrium 
Fe8+(aq) + SCN (ag) = [Fe(SCN)}?* 
Pale yellow Colourless Deep red 

Procedure. (i) Prepare 250 mL 0'1 M solution of each ferric 
Chloride, potassium thiocyanate and potassium chloride by UE 
out 6:76 g, 2:43 g and 1°86 g respectively. (Molar masses FeCla.6H» 
=270'3 g, К SCN=97 12 g, KCl— 74:5 g). | 

(ii) Pour 50 mL of FeCls solution and 50 mL of KSCN solution 
into a 250 mL measuring flask with the help of a measuring pi x 
Make up the volume with distilled to a graduation mark. Shake the 
contents well to get a homogeneous solution of red complex. 


ue M Pour 20 

(iii) Take three boiling tubes marked А, B and C. - 
mL of the red complex SINUS obtained through step (/i) into each 
of the boiling tubes. E БЕА Tatak 

(iv) Add 5 mL of КС! solution to the boiling tube A and shake 
well. Keep it for reference. Now add 5 ml 0'1 M FeCls solution to 
boiling tube B and 5 ml of KSCN solution to boiling tube C. Shake 
the contents of the tubes well. 

(v) Now place all the tubes in the reck [Fig. 17.1(a]. Compare- 
the intensisty of colours in tubes B and C to that of the reference: 
Solution A. 
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(vi) Repeat the experiment by taking another set of three 
boiling tubes. Now take 20 ml of the complex solution in the 
different tubes marked as D, E and F (Fig. 17.1(5). You can now 


add 10 ml of each of KCI, FeCl and KSCN solutions to test tubes 
D, E and F respectively. Record your observations. 


(vii) Also compare the intensity of colour in boiling tubes. A, 
B and E [Fig. 17.1(c)] and also іп boiling tubes. A, C and F [Fig. 
17.1(d). Record your Observations. 


Observations 
Bolling Volume added Change Effect on Direction of 
Tube — —— ————— іп colour the concen- shift in 
KCI FeCl, KSCN trationof equilibrium 
(mL) (mL) (mL) [Fe(SCN)]- орѕегуеѕ 
A 5 — — Eu Decreased = 
e slightly 
(Reference) dte 
B MN 5 — Deepens Increased Towards 
right 
(© = = 5 Deepens. Increased Towards 
Tight 
D 10 = = Becomes Decreased = 
(Reference) lighter 
than A 
E = 10 — Deepens Increased Towards 
more right 
than B 
F = = 10 Deepens Increased Towards 
more right 
than C 


Resalts and Discussion 


reacted. Increasing the concentrati-n of Fe?* (ag) ions has increased 
the concentration of [Fe(SCN)P?*(ag) ions. 


In the same way, the concentration of [Fe(SCN J]*(ag) also 
increases when a soluble thiocyanate is added to the system. Thus, an 
increase in the concentration of either of the Teactants i.e., Fe8+(qq) 
and SCN (ад) ions in a reversible equilibrium shifts the equilibrium 
in the forward direction. 


Further it has been noticed that the colour intensity in E and F 
ds more as compared to that in B and C. 
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20 mL COMPLEX 20mt COMPLEX 20mL COMPLEX 
a ў R 
/ + 


5m. KCI | 


20 mL COMPLEX 20 т. СОМРШЕХ 20mL COMPLEX 


+ + + 
10 mL KCL 10 mL1KSCN 10 mL FeCla 
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20mL COMPLEX 20mL COMPLEX 20mL COMPLEX 
+ + + 


20 mL COMPLEX 20mL COMPLEX 20 mL COMPLEX 
+ + + 
SmLkC/ 


10 mL KSCN 


(d) 


Fight 7:1." Changing equilibrium conditions b 


€ y increasing the 
concentrations of Fe**(ag) or SCN: i 


(ад) ions, 
Precautions. |, Always use a dilute Solution of KSCN. 


(2) Select identical boiling tubes, 


(3) Compare the colour intensity of the two solutions by 
keeping both the tubes side by side against a white back ground. 
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Experiment 17.2. To study the shift in equilibrium bi 

t 17.2. quilibrium between 
[CO(HzO)g?*(aq) ions and Cl-(ag) ions by changing the concentra- 
tion of either ions. 


Apparatus. Same as given in experiment 17.1. 


Е Chemicals. Cobalt chloride, sodium chloride, sodium hydro- 
ide. 


Theory 

A dilute solution of a cobalt (II) salt is pink in colour due to 
the hexadrated ion Co(HaO)e?*. On the addition of НСІ or metallic 
chlorides, the colour changes through violet to blue as the chloride 
lon concentration increases. 


| Со(Нз0)в2+--4С17 g | CoCl4 | 2-+6H20 
Pink Blue 


Now, if Co?*(aq) ions are added, blue colour gets darkened as 
warranted by Le Chatelier’s principle. At this stage, on adding 
Sodium hydroxide (if НСІ is present) until itis neutral and aqueous 
Solution of cobalt (II) salt (other than chloride) the colour will be 
regained and increasing concentration of Co?*(ag) ions will make the 
Solution deep pink. 

Thus, the increasing concentration of 
forward reaction and the increasing concen 
favours the reverse reaction. 

Now after seeking the instructions from the class teacher, the 
НОВЦЕ of the experiment can be planned on the lines of Experiment 

ale 


CI- ions favours the 
tration of Co?* ions 


ORAL QUESTIONS AND ANSWERS 


Q. 17.1. What is an equilibrium constant ? 


Ans. It is the ratio of rate constants of two opposing 


reactions. 

Q.172. What is the significance of equilibrium constant ? 

Ans. The equilibrium constant for a reaction indicates the 
extent of a reaction, but gives no information about the rate of 
reaction. It tells us how far, but not how fast the reaction goes. 

. 17.3. What is effect of concentration on equilibrium 

Constant ? 

Ans. The numerical value of equilibrium constant, Ke is 
unaffected by any changes in concentration of either reactants or pro- 
ducts. With the addition of more of reactant, more of the products 


will tend to form, but eventually the system will adjust itself at a new 
equilibrium position in which the concentrations of reactants and 


Products give the same numerical value for K+. 
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Q.17.4. Indicate an equilibrium, shift, tight (forward) or left 
(backward), in the following reactions : 


(a) 2SOs(g)--Os(g) = 2SOs(g)--heat 
(1) temperature is increased 
(2) pressure is reduced 
(3) catalyst is added 
(b) CO(g)--3Hs(g) = CHa(g)4-H»O(g)— heat 
(1) temperature is lowered 
(2) pressure is increased 
(3) CH, is removed from the system 
(с) 2NOCKg) = 2N O(g)+Clo(g)—heat 
(1) temperature is raised 
(2) pressure is increased 
(3) extra chlorine gas is added 


Ans. (a) (1) backward (2) backward 
(3) no effect 
(b) (1) backward (2) forward 
(3) forward д 
(3) (1) forward (2) backward 


(3) backward] 


0.175. 
brium constant 2 


Ans. Yes, 


Does the temperature affect the value of equili- 


= n 


Appendix 


Preparation of reagent solutions : 


Reagent 


Ammonium acetate 
Ammonium carbonate 
Ammonium chloride 
Ammonium nitrate 
Ammonium oxalate 
Ammonium sulphate 


Ammonium sulphide 
(yellow) 


Barium chloride 
Calcium chloride 
Cobalt nitrate 


Copper sulphate 


Ferric chloride 


Todine solution 


Approxi- 
mate 
normality 


05N 


05 № 


03м 


0:5 М 


0:5 № 


| Preparation of 1 litre solution 


ЫМ SNE 
Dissolve 231 gin water and dilute to 
volume, 


Dissolve 160 gina mixture of 140 mL 
of conc. ammonia and 860 mL of water. 


Dissolve 270 g in water and dilute it to 
volume. 


Dissolve 80 g in water and dilute it to 
volume. 


Dissolve 34 g in water and dilute it to 

volume. 

Dissolve 132 g in water and dilute it to 

volume. 

Pass H,S gas through 150 mL of con- 
centrated ammonia solution in cold 
until it is saturated ; add 10 g of 
flowers of sulphur and 250 ml of conc. 

ammonia solution. Shake the mixture 
until the sulphur is dissolved and finally 
dilute with distilled water to volume. 


Dissolve 61 g in water and dilute it to 
volume. 


Dissolve 55 g in water and dilute it to 
volume. 

Dissolve 44 g in water and dilute it to 
volume. 

Dissolve 125 g in about. 500 mL water 
containing 3 ml of conc. H;SO,. Make 
up the volume. 

Dissolve 135 g in about 500 mL of 


water containing 20 ml of conc. HCl. 
Make up the volume. 


Dissolve 1277 g iodine іп a solution 
containing 20g of KI in 30mL of 


and water finally dilute with water to 
volume. 


MESE ACA Cen HOS: alil SE e ДОЛИ 
(261) 
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Approxi- 
Reagent 014 lity Preparation of І litre solution 
ee TT 

Lead acetate OSN Dissolve 95 g in water containing conc. 
НСІ and dilute it tovolume. 

Mercuric chloride 02 М | Dissolve 27 g in water and dilute it to 
volume. 

Potassium chromate OSN Dissolve 49 g in water and dilute it to 
volume, 

Potassium ferri-cyanide OSN | Dissolve 32:5 gin water and dilute it 
to volume. 

Potassium ferro-cyanide OSN Dissolve 53 gin water and dilute it to 
volume, 

Potassium iodide 05м 


Dissolve 83 g in water and dilute it to. 
volume, 

Potassium permanganate ом Dissolve 3'2 g in water, dilute to- 
volume and finally filter through glass. 


wool. 
Potassium thiocyanate OSN | Dissolve 49 g in water and dilute it to 
volume, 
Silver nitrate 01м Dissolve 17 g in water and dilute it to- 
volume, 
Sodium hydrogen 1N | Dissolve 120 g in water and dilute it to- 
Phosphate 


volume. 
Stannous chloride OSN | Dissolve 56 gin 100 ml of conc. НС! 
and then dilute with water to 1 litre. 

Add a few pieces of tin Metal. 

Neutral FeCl, solution Add NaOH solution drop by drop 
FeCl, solution until a slight ppt, 
persists on shaking. Now add die НСІ 
in drops until the ppt. just dissolves, 

Nessler's reagent Dissolve 23 g of mercuric iodide and 

16 g of Kl in distilled water (free of 

NH,) and dilute to 1000 ml. en add 

100 ml of 6N-NaOH solution. 


Solid Reagents. Aluminium Powder, Ammonium chloride, 
Borax, Calcium chloride, Lead dioxide, Magnesium metal, Potassium 
nitrite, Potassium permanganate, Potassium bisulphate, Potassium 
dichromate, Potassium iodide, Sodium nitrate, Sodium bicarbonate, 
Sodium nitrite, Sodium peroxide, Sodium bisulphate, Zinc metal, 
Zinc chloride, «-naphthol., 
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Indicators 


Phenolphthalein solution. Dissolve 5 g of phenolphthalein in 50 
mL of rectified spirit and 500 mL water with constant stirring. Filter, 
if necessary. 

Litmus solution (blue) Dissolve 10 g of the solid in 1000 mL of 
water. 

Litmus solution (red). To 1% blue litmus soln. prepared above, 
add a few drops of НСІ until the solution acquires a red colour. 

Methyl orange solution. Dissolve 1g of solid in one litre of 
hot water and filter. 


Methyl red solution. Dissolve 1 g of solid in 0°5 litre of alcohol 


cand dilute with water to one litre. 


International Atomic Masses 


Element Symbol Atomic Atomic mass 
number (amu) 

Aluminium Al 13 26'9815 | 
Antimony Sb 51 12175 

Arsenic As 33 74:9216 | 
Barium Ba 56 137:34 | 
Bismuth Bi 83 208 280 
Boron B 5 10°811 4 

`+ Bromine Br 35 79:905 

Cadmium Cd 48 112:40 li 
Calcium Ca 20 40 08 X 
Carbon c 6 12:01115: 

Chlorine СІ 17 35:453 

Chromium Cr 24 51:996 

Cobalt Co 21 58:9332 

Copper Ca 29 63:54 

Fluorine F 9 18:9984 

Gold Au 79 196:967 © 

Нудгореп H 1 1:00797 

Todine I 53 126:9043 

Tron Fe 26 55:847 

Lead Pb 82 207-19 

Lithium Li 3 6:939 

Magnesium Mg 12 24:312 

Manganese Mn 25 54:9380: 

Mercury Hg 80 200°59 

Nickel Ni 28 58:71 

Nitrogen N 7 14:0067' 

Oxygen o 8 15:9994 

Phosphorus B 15 30 9738 

Platinum Pt 78 195:09 

Potassium K 19 39:102 

Silicon Si 14 28 086 

Silver Ag 47 107:870 

Sodium Na 11 22 9898 

Strontium Sr 38 87:62 

Sulphur S 16 32:064 ~ 

Tin Sn 50 118:69 
Uranium U 92 238:03 , 
Zinc + Zn 30 65:37 


[Note. Values are based on the C—12 standard]. 
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